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The Helm Wind op August 19th, 1886. By William Marriott, 
F.B.Met.Soc.y Assistant Secretary. 

[Bead November 18ih, 1885.] 

At the request of the Council I visited the Hehn Wind district on Angnst 
19th to 21st last, in company with Mr. T. G. Benn, F.B.Met.Soc. We 
drove through most of the villages hetween Cross Fell and the river Eden, 
and also went over Hartside Fell to Alston, on the eastern side of Cross Fell. 

Wo made numerous inquiries at each of the villages as to the appearance 
of the Hehn Cloud, the Hehn Bar, the peculiarities of the wind, and its 
effects, &c. By this means we obtained a great deal of information of the 
havoc Hehn Winds were reported to have done ; it was, however, very 
difficult to reconcile all these statements, and to form a correct idea of the 
phenomenon. We were frequently told that haystacks were sometimes 
overturned, men on horseback blown out of the saddle, and other damage 
done by the wind. A lady informed us that once when travellmg in the 
train on the Midland Railway, near the foot of the Fell, when the Helm 
was on, she saw a great quantity of soil in a field close by carried up into 
the air by the wind. 

We also learnt that a statement had appeared in a local newspaper that on 
one occasion the Midland Pulman express train was stopped by the fury of 
the Helm Wind. On making inquiries at the railway station where this was 
reported to have happened, we were informed that no such occurrence had 
taken place, and that it could only have existed in the imap^mation of the 
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reporter/, 'E&b railway oiBciftIs, however, Btated that the engine drivers haro 
great-diffionlty in getting along with their trains when the Helm Wind is 
.Wpving. 

.'•.'•■At very few places oonld we got precise information as to what the persons 
- had aolually seen or experienced : the statements being very VAgae, or con- 
sisting of what they had been told by other people. The conclusion we 
arrived at was that past acoonnts were of little value, and that observations 
mnst be made on a systomatio plan in order to obtain reliable data to throw 
light on the canse of the Helm Wind. 

By reference to a map of the district, it will be seen that the Cross Fell 
range is continnons, and mns from North -north-west to Sonth-sonth-east 
without any break or valley until its termination at Brough. On the east, 
for the most part, there is a high table land with dales and valleys, bnt on the 
west there is an abrupt fall of from 1,000 to 1,500 feet in about a mile and 
a half. At the foot of Cross Fell on the west there is the Vale of Eden, a 
plain some twenty miles broad extending to the hills in the Lake distriot. 

The chief features of the phenomenon are the following : — On certain oc- 
casions when the wind is from some Easterly point, the Hebn suddenly 
forms. At first, a heavy bank of clond rests along the Oross Fell range — 
at times reaching some distance down the western slopes, and at others 
hovering above the summit ; then at a distance of one or two miles from the 
foot of the Fell there appears a slender roll of clond suspended in mid-air 
and parallel witii the Helm Cloud ; this is the Helm Bar. A cold wmd rushes 
down the sides of the Fell and blows violently till it roaches a spot nearly 
underneath the Helm Bar, where it suddenly ceases. The space between the 
Helm Clond and the Bar is nsoally quite clear, blue sky being visible ; at 
times, however, small portions of thin vaporous clouds are seen travelling 
from the Helm Cloud to the Bar. The Bar does not appear to extend 
further west than the river Eden. 

Fig. 1 gives a section of the Cross Fell range and the Eden valley, and 
shows the position of Holm Cloud and the Bar, with the direction of the 
wind. Z am indebted to Mr. B. W. Crosby, of Eirkby Thore, for this 
diagram, and he says that sometimes the whole valley is covered with a sheet 
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of elood vhich Btretcfaes from the Bar to tho HdroUyn Range. Throngb 
the clear space between tho Helm Cloud and the Bar, cloads at a con- 
siderable altitude are BometimeH neen, which appear to bo nearly stationary. 

On August 19th, Hr. Beon and I ascended Cross Fell in company with 
Mr. R. W. Crosby and his nephew, and when descending in the evening 
ve were so fortunate as to witness a slight Helm. We left Eirklond at 
8.46 p.m., ivhon the temporatnre of the air was 65°, the wind blowing 
lightly from the North-north-east. At 5 p.m. we were 1,060 feet sboro 
Bea-level, the temperature being 67°, and the wind blowing steadily from 
North -north -east, force 4. By 6 p.m. wo bad reached 2,670 feet above sen- 
level, when the temperatnre was 62?. We gained the summit, 2,930 feet 
above sea-level, at 6.40 p.m., a few minutes before a mist came on and ob- 
scured the view on the east side of tho Fell. The air became much colder 
and damper, and the wind stronger ; the temperature was 46°, and the wind 
North-north -oast, force 6. 

Fig. 2 gives a section of Cioss Fell, with the temperatures observed during 
the ascent from Kirklond to the summit of the mountain. 
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This andden fall in the temperature was the first indication of the for- 
mation of the Helm ; the misty cloud soon ooverod the top of the Fell, and 
tho wind increased in force as we descended till it reached force 6. Abont 
8 p.m. we saw the Helm Bar suspended in mid-air a little below onr level, 
-but away over Melmerby, Oosby, Kirkland, Milbnm, &e. 

I have endeavoured m Fig. 8 to give a rough sketch of the Bar as seen 
from Cross Fell. The Bar was really in two ports, there being a decided 
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clear space between them. The northern portion of the Bar had a tendency 
to move southwards, while the southern portion had a tendency to move 
northwards. The middle of the Bar appeared to be nearly over Kirkland, 
while the northern extremity reached to about Renwick, and the southern 
extremity to Knock Pike. Although the Bar appeared to be nearly stationary 
it was quite evident that there was much commotion in the cloud itself, as 
portions of the upper and lower surfaces were whirled about in all sorts of 
ways. We saw this commotion to advantage, as the moon was behind the 
cloud during the greater part of the time we were descending the mountain. 
Just before reaching Kirkland at 10.80 p.m. we became conscious that the 
wind had suddenly ceased and that the air was much warmer. This fact 
seemed so strange that Mr. Benn went back about fifty yards and there 
found the wind blowing quite strongly from the Pell, while where I was 
standing the air was calm or nearly so, with an occasional light puff of wind 
from the South-west. The Helm Bar was now nearly overhead. This seems 
to show that under the Bar there is an upward current. 

Mr. Crosby, who left us at 7.15 p.m. to return to Kirkby There, while 
Mr. Benn and I proceeded northwards to Ardle Head Mine, observed the 
same peculiarities. He writes : *' In coming down the face of the ledge I 
noticed little scraps of vapour beginning to condense in the clear space South- 
west of us, and remarked to my companion that we should probably get out 
of the wind before we got home, as there was a very strong indication of the 
setting of the Helm Bar. 

'< We crossed the stream forming the County Boundary, about 800 yards 
above the fence wall of the Fell, and followed the track along the outgang 
towards Milbum. The condensing was still going on, and there was now a 
slender string of cloud standing over Milbum-town head ; — the white mist 
was clinging close to the Fell tops, and all the other parts were clear, the 
slender Bar stretching from about Howgill Castle to Kirkland, at about the 
apparent level of the second ledge of Cross Fell, or that of the Silver Band 
Mine. About half way between the Fell foot and Milburn, say i mile from 
the Bar, we suddenly became aware that we had lost the wind and it was 
dead calm, — so still that a lighted candle might easily have been carried bare. 
We searched our pockets for matches to test it, but unfortunately they were 
not there ; however, though we did not actually prove it, we were both 
certain that it could have been done, and we had ocular demonstration a httle 
later. We stopped and listened, and the peculiar sighing, murmuring soand 
of the Helm Wind could be distinctly heard, coming from the quarter where 
we parted with our friends. The sound was not loud, — the whole affair being 
of course on a much smaller scale than it often is ; but the characteristics 
of the Helm Wind were plainly there. The air, which had been very cold, 
was now warm and balmy as a summer evening, and before we got 200 yards 
from the place where we first noticed the calm we met several very light puffs 
of air from the South-west. We reached Milbum about 8.45 p.m., the Bar 
being directly overhead just before we entered the village. It was now dark 
except for the moon, mi a^ we passed the School, one of a group of men 
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Sitting on the step struck a match to light his pipe, hut hearing our footsteps 
he tamed and had a good look at us, holding the pipe in one hand and the 
match in the other. After satisfying his curiosity he kindled his tohacco 
without losing his light, and so demonstrated the perfect stillness of the air 
at that point. We took the road hy Milhurn Mill and Hale Grange to Kirkhy 
Thore ; just after passing the MiU we had a steady breeze from South-west 
for about five minutes, force about 8 ; but on the whole it was calm all the 
way home, where we arrived at 9.45 p.m.** 

The Daily Weather Chart for 6 p.m. is represented in Fig. 4. From 
this it is seen that fine weather prevailed over the greater part of the British 
Isles; the only part covered with cloud being the North-east coast of 
England. 

Fio. 4. 




Weather Chart. 

Having witnessed a Helm on a small scale, I have been better able to pre- 
pare the following form for the record of observations during the occurrence 
of the Hehn Wind. 

1. Apparent position of the Helm Cloud relative to the summit of Cross 
Foil, whether above the top or how far down the slope of the mountain. 

2. Apparent position of the Bar : — 

a. Whether to the east, west, or overhead of the observer. 
The extremity of the Bar on the North. 
The extremity of the Bar on the South. 
Whether the North and South ends are Joined by clouds from 
the Helm Cloud. 
8. Direction of Wind at place of observation. 



b. 
c. 
d. 
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4. Direction from which the higher clouds are moving (if any). 
5« If any clouds or vapour are seen near the Bar, specify their direction 
and movements. 

6. General conditions of Weather at the time. 

7. If any change has taken place in the temperature or feeling of the air, 
state when it occurred and what was its nature. 

8. Instances of exceptional wind -force in locality. 
0. Special remarks. 

Before leaving Newton-Reigny, I was informed that the Penrith and District 
Literary and Scientific Society would hold their Autumn Field Day on 
Septemher 10th, when they would ascend Cross Fell. As the Secretary was 
desirous of ohtaining a Paper on the Helm Wind to be read on that occasion, 
I called upon him, and after some conversation with him, agreed to write a 
short Paper describing my observations on the Helm Wind of August 19th. 
At the conclusion of the Paper I solicited the co-operation of the Members in 
making observations, and said ** that much valuable information could be 
obtained if some six or eight gentlemen would go out in pairs during the 
occurrence of the Helm Wind and make observations with thermometers, &c. 
on each side, and beneath the Bar, and at various places. Such observations 
would throw much light on the movement of the currents near the Bar." 

I am very pleased to say that this suggestion has been taken up, and that 
eight Members of the Society have agreed to go out and make observations 
when the Helm is on. 

In conclusion I have to express my best thanks to Mr. Benn for the ready 
and valuable assistance he rendered me in this inquiry. 



DISCUSSION. 

Dr. A. WoEiKOF in a letter to the Secretary said : — *' In the July number of 
the Quarterly Journal^ Vol. XL p. 226, wliich reached me a few days ago, I 
notice a Paper and discussion on the Helm Wind, which interested me very 
much. The numerous descriptions of this wind, all or nearly all agreeing in 
describing its violence, its local limitation, and the atmospheric conditions ac- 
companying it, have led me to the following conclusions, which I would lay 
before the Koyal Meteorological Society. 

'* In short, my conclusion is that the Helm Wind is identical in character with 
the Bora. There arc two regions of the old continent where the Bora blows : 
(1) the coast of I stria and Northcni Dalraatia ; and (2) the East coast of the 
Black Sea, north of 44° lat., especially the Bay of Novorossisk. 

** In all descriptions of the Bora we notice the suddenness of the occurrence of 
the wind, and the sharply-defined cloud-band on the mountains, wliilc the weatlier 
is generally clear below. As to the Bora of the Black Sea, I give the following 
translation from my book on the Climates of the World : — * Seamen call the 
Bora an air-cascade. There is reason to think that it begins when the equili- 
brium of the air is disturbed, till when it is more than G° C. colder on the crest 
of the Varada mountains than over the bay.^ These mountains slope away 
gently to the North-east, towards the broad Adegoa valley, which is walled in on 
the other side by the Swinzowaja chain. In the autumn and winter it is much 
colder in the valley than on the sea-coast, and when the cold air tills the valley 
to overflowing, the equilibrium of the air-strata becomes unstable, and the 
greater the difference of temperature the stronger becomes the Bora.' 

^ They ritsc about 600 metres abore the sea. 
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*^In the passage quoted above only one case is considered, viz.coob'ngby radia- 
tion of the air to the North-east of the bay, but a strong Bora may also arise 
when there is a general though not strong North-east wind to the north of the 
Caucasian chain. The Varada mountains prevent this wind, for some time, from 
reaching the sea-shore. The contrast of temperature is intensified thereby, and 
the Bora breaks out the stronger when the hindrance is overcome. This explana- 
tion of the Bora was first given by Baron F. v. Wrangell,* and he has calculated 
the velocity of the wind which woiUd result from given differences of temperature. 
If the lowest part of the Varada chain be taken as 550 metres, the temperature 
at sea-level 0° C, and at the given height — 10°, it would be equal to 172 metres 
per second ; if it be 0° at sea-level and — 15° at the height, the wind would have 
a velocity of 22*1 metres per second. In both cases the friction is not taken into 
account ; it certainly must not only lessen the velocity but also cause whirls and 
eddies, as well as sudden changes in the velocity and direction of the wind. These 
phenomena are really observed in Novorossisk, where the direction of the wind 
during the Bora oscillates between East-north-east and North-north-east. 

" Now returning to the Helm Wind, I find it very probable that, as the pheno- 
mena are the same as those of the Bora, and the direction of the wind nearly 
identical, the cause must be the same. The isotherms of the British Islands show 
a much lower temperature on the east than on the west of the Pennine chain 
during the months from November to April. This difference is certainly greater 
with East >vinds and clear weather, and it is very^ likely that the difference of 
temperature between the Penrith Valley and Cross Fell may frequently be 
greater in such weather than that which admits of an unstable equilibrium. If 
this view of the case be right, a very few observations of temperature could settle 
the question. A meteorological station should be established at Penrith, and, if 
the observer has leisure and interest for the question, he would certainly make 
more frequent observations on days with Helm Wind. Another observer could 
make occasional observations on such days on the Cross Fell with a sling thermo- 
meter {ThermoTnetrefronde). I have no doubt that my hypothesis on the identity 
of the Helm Wind and the Bora, and the existence of an unstable equilibrium 
of the air-strata during the prevalence of the Helm Wind, would be confirmed by 
such observations. There are some additional reasons for thinking so. There 
is scarcely a case of Helm Wind observed in summer, though East winds are not 
wanting, and that is because at this season the East of England is rather warmer 
than the West. If the cases of Helm Wind are less frequent in the winter months 
than in November, March and April, it is because East winds are less frequent, 
and the prevailing West winds bring cloudy weather, during which no unstable 
equilibrium of the air-strata in the vertical plane arises." 

On the receipt of this letter Mr. Marriott had forwarded to Dr. Woeikof a 
copy of his observations, and asked him if they confirmed his impression that 
the Helm Wind was similar to the Bora. 

In reply Dr. Woeikof wrote : — " I think your observations on the Helm Wind 
are very interesting, and quite confirm ray opinion as to the existence of a greater 
fall of temperature than that answering'to an unstable equilibrium." 

Mr. Atkinson said that he was very familiar with the Helm Wind, having 
resided in tlie district for the greater part of the first twenty years of his life. 
At that time, however, lie did not make any careful observations, but since tlien 
lie had on different occasions had opportunities of noticing it, and quite recently 
(October 28th and 29th) when in the district he had witnessed an occurrence of 
the Helm. Mr. Marriott had shown that when the Helm was on, the sky was 
sometimes clouded over, excepting the space between the Helm Cloud and the 
Bar, which was usually quite clear, blue sky being visible. This was quite correct, 
and travellers by the North Western Railway could generally know when tlie 
Helm was on by seeing a narrow patch of sunlight extending for some distance 
near the foot of, and parallel with the Cross Fell range, when the sky was else- 
where overcast. On the last occasion of his witnessing the Helm this band of 
bunlight, which he had hitlierto believed was always parallel with the mountain 
range, was farther northward tlian usual, and instead of being parallel with it, 
lay crosswise along the range from about North-west to South-east. He thought 
this was a peculiarity worth calling attention to. He could confirm Mr. Marriott^s 

1 •« XJeber die XJnacho der Bora in IToyocossiak.*' Rtpniorium pkr Meteonhgie, Vol. V. 
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Opinion as to the probably greater strength of the wind tlirougli the gorges in 
the range, .as he liad heard of some wondei*ful instances of wind force exerted at 
the foot of one of these gorges or gullies. 

Mr. AuERCROMBY said that in September last he had spent a few days in the 
Helm Wind district. He saw Mr. Benn, who had the local superintendence of the 
Helm "Wind investigation, and learned from him that fourteen gentlemen had 
volunteered to go out, when the Helm was on, to various places and make obser- 
vations as to the conditions of weather prevailing. He (Mr. Abercromby), liow- 
ever, was not fortunate enough to witness an occurrence of the Helm Wind, 
but he had made inquiries respecting its pecidiar character and violence, and had 
found out some interesting particulars regarding it. He had got one gentleman 
to promise to take a photograph of the clouds when the Helm was blowing, as he 
believed the onlv way to obtain good cloud pictures was by means of pliotograjihy. 
In the course of his inquiries he came across an old lady who, when questioned 
as to what slie knew of the Helm Wind, described it as blowing round in the 
shape of an egg ; but when asked which way the egg was suj)i)osed to lie, she 
could give no satisfactory answer. Most likely the wind blew down the Fell, up 
into the Bar and back again to the summit of the Fells. With respect to the 
cause of the phenomenon, he agreed so far with Dr. Woeikof as to believe that 
it was partially due to the unusual difference of temperature between the foot 
and top of the mountain, as observed by Mr. Marriott, but this he felt sure 
was not the only cause. The origin of the cloud was certainly partlv dynamical, 
or due to some aerial eddy or ricochet on the lee side of the Fell, and he thought 
that the only way to get at the bottom of the matter was to work out the idea 
contained in the recently published Report of the Committee, that the cases of 
East wind over the district when the Helm Wind did not occur should be inves- 
tigated as well as the cases of prevailing East winds inth the Helm Wind. By 
that means some characteristics, peculiar to one case and not to be found in the 
other, might be discovered which would afford a clue to a solution of the whole 
question. 

Mr. Symons refen-ed to a letter from Dr. Woeikof published in the previous 
week's issue of Nature comparing the Helm Wind with tbp Bora of the Black 
8cH, and in which he claims that the Bora and Helm being so identical as regards 
details of force and area, and time of prevalence, it is not unreasonable to pre- 
sume that their cause is also identical. The Bora is shown to be caused by a 
disturbed equilibrium of air temperature, and Dr. Woeikof then goes on to show 
that the Helm Wind is due to the same cause, demonstrating his case in a clear 
and able manner. He (Mr. Symons) then read a brief summary' of the ^aper 
on the Bora by Baron v. Wrangell, referred to by Dr. Woeikof, in which a 
clear explanation of the nature of the Bora is given, and the whole question 
thoroughly worked out. With respect to the Helm Wind, it had been seriously 
proposed by one gentleman that pipes should be laid up the side of Cross Fell, 
and when the Helm Cloud was forming quantities of steam should be let off 
at the top of the Fell by means of these pipes, and so cause the accumulated 
vapour to disperse. In considering the means of getting rid of the Bora, Baron 
V. Wrangell proposed a plan somewhat analogous to this. His plan was to cut a 
deep gorge through the Varada Mountains, wnich lay at the back of the town of 
Movorossisk, and so make a way of escape for the air which accumulates at the 
back of this range and causes all the mischief. It appears that the town is 
admirably suited for a port, as the bay on which it stands affords ample shelter 
for ships, and besides this it has great advantages over any place in the neigh- 
bourhood for the shipping of cargoes, but the great violence of the Bora prevents 

1 Before the Bora tho Eastern heights of the Varada Mountains are always cloudless. Some time 
before the bursting of the Bora small white clouds begin to form on the top of the mountains, their 
number incrcasos, and a strong motion among them is erident. The air is in commotion, strong gusts 
foUow one another from opposite directions. After a time single clouds here and there tear th^^maclTea 
Item the mountain and precipitate themselves into tiie deep, but half way down they disappear. 
With incredible Tiolenoe whirlwinds precipitate themsclyes from the mountains, while a dense salt mist 
of whipped-up sea water fills the air and coyers every thing on board ship with a crust of ice. On land 
it ii ^UKcrous to remain out of doors, owing to the shower of falling bodies, stones as big as one's fist, 
iron roofs, ftc. j strong buildings tremble ui^er the frightful force of the wind. 

The destructive force of the wind is felt only on the coast and close to the mountain, but especially 
in XovorosKisk, and the eCEoct of the Bora ceases a littie wav from the coast. 

On the other side of the Varada Mountains the wind Is only light, indoed at some distance it is 
often perf eoUy oolm. 
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its being used as a port by Russian vessels. There is a town a short distance off 
which is situated opposite a valley in the mountain range, and at this place the 
Bora is not felt with any thing like the force with which it blows at Novorossisk, 
and Baron v. Wrangell believes it would cost less to cut a gorge through the 
mountains at Novorossisk than it would to construct a harbour at the former 
town. 

Mr. Archibald said although it was probable, as Dr. Woeikof had intimated, 
that the Helm Wind and the Bora were very similar, there were details in the 
Helm Wind which had no corresponding analogues in the Bora. Thus the Helm 
Bar was not noticed as occurring in the Bora. This appeared from the diagram 
to be due to the current being deflected upwards by the rising ground below Cross 
Fell before it reached the bottom (as would occur according to well-known hydro- 
dynamical principles), the cloud being produced by condensation in the ascending 
current. Ihe clear space between the Bar and the Helm Cloud he thought was 
evidently due to the descending air precluding condensation between these points. 
Similar valley drainincs and cataracts occurred in the Himalaya, where in the 
higher passes the wind was so violent that persons were obliged to lie down to 
prevent being blown off their feet. 

Mr. C. Harding said that a most instructive point to learn in connection with 
this Helm Wind investigation was the relative distance of the Bar from tlie 
Helm Cloud. The accounts he had read varied very much in this particular, and 
lie should say that the Bar certainly was not in a fixed position. It was very 
desirable to know the exact conditions of weather prevailing over the whole 
country in making an investigation of this character. He had read Dr. Woeikoftt 
letter m Nature^ but could not see that there was much similarity between the 
Bora and the Helm, as the Bora apparently, in the instances given, was blowing 
out to sea. It was to be regretted that Mr. Marriott had made no observations 
of temperature during the descent. He believed that the best way to settle the 
question was for gentlemen in the district to go out when the Helm was on and 
make observations, as he felt sure more could be learned from such observations 
than from a continuous series of general observations extending over a number of 
years. His own theory as to the cause of the phenomenon was that it was the 
result of suction, and he was inclined to think that the particulars they knew 
respecting the peculiarities of this wind fully bore out this view ; at any rate he 
believed the theory was worthy of some notice. There arc the Helm Cloud and 
the Bar, the air rushing down the western slopes of the Fell, and the calm at the 
foot with the upward tendency of the wind towards the. Bar. The direction of 
the wind was generally East, and his idea was that the wind blowing over the 
top of the valley induced a certain amount of suction from the air in the valley : 
a partial vacuum is set up, and immediately the downward stream of air from 
the summit of Cross Fell into the valley sets in. 

Mr. Lecky said that he could not accept the theory of suction, and his opinion 
on the matter was that the wmd travelling up the eastern slopes of Cross Fell 
meets with a cold stratum of air at the top and oecame condensed into fog, which 
on descending the increasingly warmer western slopes, as shown by the arrows 
on the diagram, become again absorbed, and meeting with still warmer and 
damper air m the valley ascends until condensed in a cooler stratum, thus forming 
the Bar. 

Mr. Dyason was somewhat surprised that no mention had been made of the 
possibility of the phenomena being due to electricity ; he thought it probable 
that electricity had as much to do m forming the Helm Bar as the wind. 

Mr. I-iAUGiiTON remarked that «ome of the speakers had, he thought, made 
rather too much of the difference between the temperature at the summit and 
base of the mountain. It sliould not be forgotten that there was a difference of 
nearly three hours in tlie time of observations ; and it was quite possible that a 
great part of the 19® shown on the diagram was the difference, not between base 
and summit, but between 3.45 and 6.40 p.m. 

The President (Mr. Scott) said that in his opinion Dr. Woeikof was not 
the first person who had compared the Helm Wind to the Bora. Dr. Woeikof 
had confined himself to the Bora of the Black Sea, and of Istria and Dalmatia, 
but the Bora also blew at Trieste with such fun*^ that in some streets ropes were 
said to be placed to serve for handrails. Dr. Jelinek had once tracetf a Bora 
from Trieste back to Vienna. A reference to Hann^s Climatology showed that 
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the essential characteristic of the Bora was, that it was a descending wind, and 
that a cloud cap was formed on the mountains before it burst forth. 

Mr. Marriott, in reply, said that the reason that observations were not taken 
during tlie descent was that he had the misfortune to sprain his ankle, and besides 
that it was too dark to read tlie thermometers. In fact, the observations made 
on the ascent were taken for curiosity rather than for any other reason, as he did 
not know that he was likely to witness an occurrence of the Helm Wind. No 
reference had been made in the discussion to the peculiar motion of the Bar, both 
halves seeming to be moving towards each other. This motion was, he thought, 
caused by the wind sweeping round at botli ends of the range, where the ground 
was somewhat lower. So far as he was able to observe, there were no signs which 
would lead him to suppose that the phenomenon was in any way due to electrical 
agency. 



The Typhoon Origin of the Weather Over the British Isles during the 
Second Half of October, 1882. By Henry Harries. (Plate I.) 

[Bead November 18th, 1885.] 

The sudden arrival of a severe gale over the south-east of England on the 
morning of October 24th, 1882, completely upset the forecasts issued from 
the Meteorological Office on the previous evening, and this failure was 
severely criticised at the time. It will be shown later on that with our 
existing knowledge it was impossible to forecast it from the 6 p.m. observa- 
tions of the 28rd. 

The disturbance was undoubtedly a secondary one, developed within the 
area of a very large cyclone which had its centre in about 60° N, 20° AV, and 
it is the track, or rather tracks, of this primary which I am about to discuss. 

Through the kind permission of the Meteorological Council I have been 
allowed access to all the sources of information in the Meteorological Office, 
including the elaborate charts of the North Atlantic. I am indebted to Dr. 
Neumayor for many observations in the North Pacific, made on board ships 
keeping logs for the Deutsche Seewarte ; and to the Chief Signal Officer at 
Washington for a copy of unpublished observations made at nineteen stations 
in Alaska and its neighbourhood. 

It may be taken for granted that the change from the South-west to the 
North-east Monsoon season occurs towards the end of September, the area of 
low barometer over the Asiatic continent being replaced by an anticyclonic 
area. This is well shown by the reports of the Zi-ka-Wei observatory ; where 
the barometer seldom reaches 760 mm. (29*92 ins.) before September 21st, 
the last ten days of the month averaging considerably above that reading, and 
continuing so throughout the winter. The period of change is marked by 
violent typhoons in the same manner as the South-western part of the Atlantic 
is visited by hurricanes about the same time of the year ; i.e. the commence- 
ment of the anticyclonic conditions over Asia and over North America, which 
mark the approach of winter, indicates the probable birth of cyclonic dis- 
turbances on their South-eastern sides. 

Unfortunately the part of the Pacific lying between the Philippine and the 
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Sandwich Islands is very little frequented by shipping, and I am therefore 
unable to give direct evidence of the commencement of the typhoon ; but from 
a consideration of the data collected, it appears that it began to form on 
September 27th. As early as the 10th an exceptionally violent hurricane 
raged in 16° N, 114° W. Moving slowly to the westward it caused severe 
damage to ships in its path, but after the 12th, in 18° N, 122° W, all trace of 
it is lost. I do not suggest that it had any thing to do with the t3rphoon 
which showed itself a fortnight later in 184° E. 

M. Deschevrens, in his Typhoons of 1882, Part 11. Plate 1, lays down the 
track of a typhoon commencing near the Philippines on September 20th, ho 
then carries it westwards across the islands, thence north-eastwards to the south 
of Japan by the 25th, then recurving to the southward brings it on the 29th 
to the neighbourhood of its starting point of the 20th. The line is then 
taken north and north-eastward, past the south-eastern point of Japan into 
the Pacific. In the Washington Bulletin of International Meteorology for 
June 1884, this track is adopted in the Appendix devoted to September, 1882, 
while on page 11 of the same Appendix it is stated that ** Number XXYI. 
appeared near the eastern coast of Yesso on the 28th, and moved into 
Behring Sea at the close of the month.*' It is clear, however, that M. 
Deschevrens has, from want of sufficient observations, fallen into error in 
taking his curve to the south after the 25th. The disturbance having passed 
along the Japanese coast into the Pacific, was, in reality, the Washington 
Number XXYI., which it will be seen was overtaken by the typhoon we are 
about to discuss. As these tropical storms pass into higher latitudes the baro- 
meter in the tropics resumes its ordinary condition, which is low in relation 
to what is to the north, and I fear that to this fact is to be attributed M. 
Deschevrens's great tendency to bring back his typhopns to their starting 
point. It has misled him into saying on page 20 of the same publication 
" we must acknowledge that such atmospheric cyclones may keep for 
months in the same quarters, and that at any time of the year.*' The 
equatorial belt of low pressure is not cyclonic, and strictly speaking it is 
not an area of low pressure in the generally accepted sense. Although 
difierin<j; from M. Deschevrens in his conclusions, I am bound to acknowledge 
the great value of the observations he has collected, and which have been of 
no little service in the preparation of this paper. 

Since September 21st, an anticyclone had been gradually creeping 
across Siberia from Europe ; and as this had an important influence on the 
typhoon, being, as I believe, the reservoir from which it was supplied with 
energy, its course has been shown on the track chart until it reaches Mid- 
Atlantic. On the 2Gth its centre was near 60° N, 112° E, the maximum 
pressure being at least 30*65 ins. At the same time several areas of low 
barometer existed along the seaboard of Eastern Asia. The barometer was 
below 80'0 ins. all over the sea south of Japan. By the 27th a great and 
important change had taken place, the areas of low pressure were disappearing, 
and the anticyclone had moved to the south, the barometer at Pekin rising 
0*5 in., and at Macao, within the tropics, to the extent of 0*1 in. The 
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mercury was abovo 80 ins. to tbo edge of the tropics. At Manilla, in 
latitude 14^^ N, this change of pressure was not felt. The result of the 
alteration in the prevailing condition of pressure was a marked decrease 
of temperature, the colder air brought down from Siberia reducing the 
temperature over Japan by more than 10°, while at Manilla the maximum 
temperature of the 28th was 0° lower than on the 27th, the mean for the day 
being 5^*6 lower. The warm air of previous days had ascended into the 
upper regions, producing an atmosphere highly charged with vapour, and 
forming clouds. In consequence of the increase of gradient for Easterly 
winds, due to tho changes of pressure already alluded to, a state of affairs 
would be produced favourable to the formation of an atmospheric disturbance, 
an increase of wind, and condensation. In the early part of their career tropical 
storms do not seem to me to be cyclonic, they are perhaps more nearly 
related to the subtropical anticyclone until they become detached from tho 
equatorial belt of low pressure, and the circulation of the wind becomes com- 
plete. The North Atlantic Weather Charts contain several instances of this 
phenomenon, which cannot fail to attract attention in connection with West 
India Hurricanes. 

The earliest evidence of the existence of the typhoon is contained in tlie 
Manilla reports for the 27th. In the evening, with a light variable wind, the 
barometer began to fall, feathery cirrus appeared to the East-south-east, and 
a lunar halo was visible. 

On the 28th the wind was North, the barometer still falling, with an over- 
cast sky and heavy rain, the Remarks for the day stating that a centre of 
minimum pressure lay to East-south-cast. In 18° 46' N, 182° 8' E, the 
American barque Samiiel D. CarUton was experiencing very strong winds 
from East and East-north-east, barometer falling to 29*80 ins. and heavy 
rain. In the Formosa Channel and China Sea the wind was rising, strong to 
a gale, from East and North-east. The disturbance was moving North-west- 
ward very slowly, not more than five miles an hour, the anticyclone moving 
towards it. 

On the 29th the typhoon was making itself evident as far as Zi-ka-Wei, 
the record being '' barometer falling, a typhoon coming up from the South.*' 
The centre, however, was about 1,000 miles away at the time. At Manilla the 
wind had changed to South-south-west, the barometer had fallen to 29*67 ins., 
and solar and lunar halos were recorded. The Samuel D. Carlelon, in 19°2' N, 
129°52' E, had still a strong East-north-east wind with the barometer 
down to 29*58 ins. and continued heavy rain. A moderate North-east gale 
was felt in the Formosa Channel, off Shanghai the wind was becoming squally, 
and in the southern parts of Corea and Japan rain had set in with squally, 
gloomy weather ; the rainfall at Nagasaki amounting to 11 inch. The anti- 
cyclone over the mainland was being gradually reduced, the maximum reading 
bemg about 80'4 ins. 

The observations of the 80th show that tho Samuel D, Carletoiij in 18°41' N, 
180° E, had tho barometer down to 28*85 ins., with deluging rain and a 
hurricane from North^north-west, the wind in six hours changing from East- 
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norih-east, through North-oast and North, to West by South. About a mile 
from the ship a waterspout was seen. Along the northern coasts of Luzon a 
North-west hurricane was raging ; at Kelung, on the north of Formosa, a 
North to North-east heavy gale was reported. The rainfall at Nagasaki 
amounted to 1*67 in., and at Tokei to 2*9 ins. As far west as Macao a 
moderate North-north-west gale was blowing. In a north-westerly direction 
from the centre several ships recorded heavy to moderate North to North-east 
gales as far as the Shantung Peninsula, a distance of more than 1,800 miles. 
An Easterly gale was being felt as far as Yokohama, over 1,000 miles to the 
north-east of the centre. 

These statements differ very considerably from what various authorities give 
as to the extent of typhoons, the diameter, according to Labrosse, being be- 
tween 60 and 200 miles ; while Raper gives 60 to 250 miles, and Piddington 
50 to 500 or even 1,000 miles, the limits of the true cyclone circle being 12^ 
from tlie centre, which gives a diameter of 1,400 to 1,500 miles. Knipping 
gives 700 miles. In the case now before us the gale was reported at the 
distance of at least 1,800 miles from the centre towards the north-west^ and 
1,000 miles to the west and north-east. With a reading of 28*85 ins. in lat. 
19° N, we may be sure that steep gradients for Westerly and South-westerly 
gales existed on the equatorial side of the centre ; but as no observations are 
available it is unsafe to estimate the area under the influence of gale force on 
that side. In the case of a large depression which existed off the Bay of 
Biscay, in 44° N, 15° W, on December 11th, 1882, gales prevailed for more 
than 1,000 miles on the western and south-western sides, while to the north- 
east they were not felt further than 100 miles from the centre. 

Between September 27th and 80th the typhoon had made but slow progress, 
its rate being only five miles an hour for the first two days and ten miles an 
hour on the third day. The anticyclone meanwhile had travelled southward 
to near Wladiwostock, the barometer readings at the centre being nearly 
half-an-inch lower (30*2 ins.). By October 1st the anticyclone had curved 
to the north-eastward, and it will be seen from the Chart (Plate I.) that the 
typhoon made a similar change and increased its rate of motion to thirty 
miles an hour. In front of the depression the rainfall was very heavy, the 
Japanese reports showing 1*34 in. at Wakayama; 4*82 ins. at Tokei; and 
2*56 ins. at Nobiru. On the southern side the Samuel D, Carleton, in 
19° N, 180° E, had a Westerly gale, with a rapidly rising barometer, light- 
ning and heavy rain. The German brig August became a total wreck on tlie 
Pescadores. The s.s. Coptic and the s.s. Tanaia, going in opposite directions 
along the southern coast of Japan, experienced the strongest wind from 
North-east, force 8 and 9 respectively. 

Early on the morning of the 2nd, however, the s.s. TanaU, going towards 
Yokohama, felt the full force of the typhoon. Until 8.80 a.m. the wind was 
light to moderate, but the barometer was down to 28*7 ins. At 8.45 a.m., in 
83°26' N, 187°45' E, the wind was North-west, force 6, and five minutes 
later a hurricane from North-west burst upon the ship and lasted till 5 a.m., 
with torrents of ram. At .tlie Tokei Observatory the lowest barometer. 
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28*88 ins., was at 7 a.m., the direction and force of wind doubtful ; at 4 a.m. 
it was South-east strong, and at 8 p.m. North-north-west light. The whole 
of Japan was under the influence of a Northerly to North-westerly gale. 
Heavy rain fell in the northern districts, but west of Tokei, Le, in the rear of 
the centre, it had ceased entirely. The anticyclone changing its course to 
the South-east, the typhoon passed along the eastern coast of Japan at the 
rate of thirty-three miles an hour. From near Shanghai the anticyclone 
moved east to Japan by the 8rd, the disturbance at the same time increasing 
its rate of progression to nearly flfty-one miles an hour — the maximum rate 
during its long journey. At noon (Greenwich) of the drd the centre was in 
50° N, 174° E. Between the 2nd and drd the disturbance seems to have 
joined the one already alluded to as the Washington ** Number XXVI.,'* 
which had made but slow progress because of a large anticyclone lying across 
its path to the east and north-east, forming a more effective barrier to the 
advance of a depression than a range of high mountains. The data in 
this high latitude being very meagre, I applied to the Chief Signal Officer at 
Washington for additional observations, with the result that I was able to 
prepare two daily charts from observations made at different stations — those 
from the nineteen stations supplied from Washington being for about 4 a.m. 
Greenwich time. By combining the two charts very satisfactory positions 
have been obtained. 

That the area was stiU a very large one is shown by the fact that on the 
2nd H.M.S. Sappho^ in harbour at Honolulu, observed a change in the 
direction of upper clouds from South-east to West, with rain, the wind re- 
corded by ships north and south of the Sandwich group being South-east. 
On the 8rd» the upper clouds were still from West at Honolulu, while winds 
of gale force were being experienced from all quarters between 80° to 68° N, 
and 167° E to 152° W, — a diameter of about 1,800 miles ; the German ship 
Adolphy in 80° N, 155° W, 500 miles north of Honolulu, having a change of 
wind from South-east 8 to South 8, and afterwards to force 9, with heavy 
rain and lightning, the barometer falling to 29*78 ins. 

So far the track resembles that laid down by Eedfleld for the Mississippi 
cyclone of October, 1854, in his Paper ** On the Cyclones or Typhoons of 
the North Pacific Ocean, with a chart showing their courses of progression."^ 
Hedfield states that he had followed the typhoon for more than 4,000 
nautical miles, and to do this he used the observations of only four ships, 
two of these being in company. 

October 4th finds the progress of the disturbance suddenly checked, 
its rate being reduced to fourteen miles an hour ; • the cause of this being 
apparently the presence of the anticyclone some distance to the north-east. 
The area under the influence of gales was not so large on the 4th, the wind 
having moderated over the Behring Sea and the Aleutian Archipelago. 
Gales continued on the southern side, the s.s. City of Tokei experiencing a 
hurricane from West-north-west, in 85° N, 168° E ; the s.s. Gaelic, in 87° N, 

^ American Journal of Science and ArU, Vol, xsnv, July 1857i 
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150° W, numing into a Soutli-west gale, with squalls, rain, and lightning; 
the Adolph, in 81° N, 152° W, had a West-south-west gale with rain and 
lightning. At Honolulu the upper clouds were now from North-west. 

From the 4ih till the 9th the depression remained in the neighbourhood of 
the Alaska Peninsula, the winds on the whole not being so violent. The 
anticyclone since the 2nd had kept on an Easterly course across the Pacific, 
and passing the meridian of the cyclone on the 7th, it entered the Western 
States of America on the 9th. 

The cyclone having attained its highest latitude in the Pacific on the 6th 
and 7th, commenced to turn towards the south-east. The observations at 
Fort Bae show the anticyclone to be gradually leaving the neighbourhood, 
and the disturbance, which had moved at a rate of about 4^ miles an hour on 
the 8th, increased its speed to 6 miles on the 9th, and the next day to 85^ 
miles an hour, its position on the 10th being in about 51° N, 129° W. 
Heavy South-west and South-east gales were felt along the coasts of Oregon 
and Vancouver Island. At Portland there were hail and thunderstorms, 
the rainfall amounting to 2*98 ins. for the day. The cyclone had now reached 
the American continent, having travelled across the Pacific at an average 
rate of seventeen miles an hour. 

The remainder of the track is taken from the North Atlantic Weather 
Charts. The Rocky Mountain Range does not appear to have been an ob- 
stacle in the path of the storm. According to the Monthly Weather Beview 
of the Chief Signal Officer for October, 1882, a disturbance, which is the 
one we are following. No. YH. in the Review, is supposed to have " formed in 
Western Nebraska on the 11th, and pursued an erratic course. At first the 
movement was to the North-east, changing to the North-west, and recurving 
on the 12th west of Manitoba ; after this, its course was about East-south- 
east. On the morning of the 18th the centre was north of Lake Superior. 
During the afternoon the course was again changed. It now began to move 
toward the north-east, and passed the limits of observation. At nearly 
every station in the Upper Lake region, the wind reached a velocity of more 
than twenty-five miles an hour. Rain fell during its passage in Montana, 
Dakota, the Missouri and Mississippi valleys, and the Lake region.*' The 
average rate of progress while under observation is stated to be 86*9 miles 
an hour. My calculations give 85*4 miles an hour between the 9th and 10th 
in the Pacific, and 86*7 miles an hour between the 10th and 11th, when it was 
entering the United States. The erratic course mentioned by the Chief 
Signal Officer is not shown on my track chart. 

The maximum wind force recorded on the 11th was fifty-one milqs anhour 
from West at Umatilla in Oregon. Proceeding east we find on the 12th 
that the maximum wind was fifty-four miles an hour from West at Eagle 
Rock, Idaho. At St. Paul, Minnesota, the State Armoury was blown down 
by a wind of forty-eight miles an hour. Heavy rain marked the progress 
of the storm, considerable damage being occasioned by the floods over an 
extensive area. 

Continuing the north-easterly track out of the States the depression 
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crossed Hudson's Bay to the northern part of Labrador by the 14th, the rate 
of progress for the day being thirty-two miles an hour. On the 15th, in 
Davis Strait it attained the highest latitude (61^° N) reached during its course. 
Changing the direction to South of East, it was at the southern point of 
Greenland on the 16th, and continuing its south-easterly course to 55° N, 
27° W, on the 18th, it was joined after a journey of close upon 10,000 
nautical miles, at an average rate of something over eighteen miles per hour, 
by a disturbance which seems to have formed about October 9th in 22° N, 
48° W. At 2 a.m. on the 10th, the ss. American, in 22°40' N, 47°80' W, 
ran into a heavy gale, with violent squalls, heavy rain, lightning, and a high 
dangerous sea. 

The Atlantic high pressure area being well on the eastern side of the ocean, 
and a separate high area existing on the American side, the new depression 
was able to travel nearly north-east, slowly at first, but as it neared the other 
cyclone it increased its rate to about twenty-three miles an hour on the 17th 
and 18th. 

In the great storm of September 1st, 1888, an account of which, by Mr. 
G. Harding, appeared in the Quarterly Journal,^ the junction off the American 
coast of the two branches of a disturbance, one from the Western States, 
the other from the West Indies, was followed by a considerable acceleration 
of speed, the gale reaching our western coasts two days after the centre had 
passed Gape Breton. In the present case, the combining of two disturb- 
ances resulted in the direct contrary to this, for we find the centre located in 
about 60°N, 20° W, for a whole week (October 19 to 25), the area being very 
extensive, the isobar of 29*9 ins. on some days enclosing an elongated space 
of about 8,000 miles by 2,000 miles. Violent gales were felt for a consider- 
able distance, over 1,000 miles, from the centre. As early as the morning of 
the 18th the Daily Weather Report shows the existence of the disturbance, 
although the centre was then 800 miles from the Irish Goast. The cessation 
of progressive movement must be attributed, I think, to a very large Anti- 
cyclone over Bussia, Scandinavia, and northwards, the readings at the centre 
being about 80*8 ins. The original anticyclone from the Pacific now became 
merged in the 'Atlantic anticyclone, and was stationary in about 85° N, 85° W. 

It was during this period of rest that the sharp storm of October 24th origin- 
ated. I have examined the records of many ships over a large area west and 
south-west of the British Islands, but find nothing to justify our supposing that 
the storm had any existence until late on the night of the 23rd. At 9 p.m. tlie 
barque Earl OranvillevfAB in a calm with the North-west swell going down, in 
48°80' N , 9°40' W. The Lucia, in 46°15' N, 8°80' W, at 1 a.m. had a sudden 
shift of wind from South- south -west to West by South. The barqiientine 
Gladstone, in 47°45' N, 7°25' W, at midnight had an increase of West-south- 
west wind from force 9 to 11, and two hours later it suddenly shifted to 
North-north-west with heavy rain. The barque Lycka Till, in 49°6' N, 
8°20' W, at 2 p.m., 23rd, reported the heavy Westerly gale decreasing, and 

I Vol. JL, p. 7. 
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at 4 a.m. 24th, in 49°20' N, 7^ W, the wind was North 2. The brig Okenbury, 
at midnight in 48^50' N, 6^45' W, reported that the wind lulled and suddenly 
shifted fromSonth-south-west to North-north-east, subsequently going through 
North into West-north-west, the barometer at midnight being 29*28 ins. The 
S.S. Drummand Castle, at 2.80 a.m. in 47°8' N, 6°66' W, had a shift of wind 
from South-south-west to West-north-west 8, barometer 29*26 ins. West of 
the Channel those are the only records of changes since noon of the 28rd. 
At Falmouth Observatory the barometer began to fall about 10 p.m. when it 
stood at 29*6 ins., and reached its lowest point, 29*22 ins., at 6 a.m. 24th, 
being a fall of 0*88 in. in eight hours. The change of wind from South- west- 
by-South to North-by- West took place between 2 a.m. and 8 a.m., more thui 
three hours before the time of lowest barometer. At the earliest, therefore, 
no prediction of an approaching storm could have been issued from the 
Meteorological Office before 8 a.m. of the 24th, and shortly after this hour 
the tempest was raging over the Channel and the French coast. The Daily 
Weather Report shows that at 8 a.m. Hurst Castle was the only station on 
the northern side of the Channel which recorded wind of gale force, on the 
southern side heavy gales were general. In the Channel the ship Milo, at 
4 a.m., in 50^^ N, 8^50' W, recorded *' commenced strong gale;" at 8 a.m. in 
50^0' N, 2^45' W, a whole gale from South-east was raging, and an hour later 
it veered to West and blew with terrific violence. The s.s. Teniers, at 6.20 
a.m. in 49^50' N, 8^40' W, felt the commencement of a moderate East gale, 
and at 8.80 a.m. in 50° N, 8^15' W, it changed to a strong gale from West- 
north-west. The Lilian, further east, had a hurricane from North-east, 
changing to West. By noon the storm was very severe from West and South 
as far up as the Downs.* The track followed by this disturbance is clearly 
shown on the Daily Weather Reportn, and I need not repeat it here. 

No sooner had the secondary system made a path up the English Channel 
into the North Sea, than the primary prepared to follow it. Starting towards 
the south-east at a rate of nearly eight miles an hour between the 25th and 
26th, it increased it to nearly thirty-seven miles an hour next day, and on the 
morning of the 27th we find it near Rochefort, on the Daily Weather Report, 
the lowest barometer I have discovered for the whole track being 28*82 ins. 
this day. Its advance is marked, as in Japan and America, by heavy rain in 
all parts of Western Europe, the fall exceeding an inch in twenty -four hours at 
many stations, and the amount being nearly 4 inches in some localities. 
Fortunately for England the centre lay well to the south, for although the 
damages by floods and shipping disasters near home were serious, they are not 
to be compared with the havoc wrought over Southern Europe. Such was the 
extensive area covered by the storm that Sicily and Northern Africa felt the 
full force of it. Shipping casualties with loss of life occurred all along the 
Spanish and French Mediterranean coasts. In Algiers and neighbourhood 

^ In the Proceeding* oj the Royal Institution, Vol. VII. pp. 42, 43, Mr. Scott alludes to a 
gale which wrecked the Royal Adelaide ou the Chesil Bank, November 22nd, 1872, and 
drove the Inverness, bove-to, from the Lizard to the Casqnets. In the Buddenness of 
ito arrival this seems to be a parallel case to that of Octobcr_2ith, 1^2. 

NEW S££I£S. — VOL. XU. B 
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the rainfall for twenty-four hours amounted to 8 inches. Continental reports, 
from Portugal to Austria, show how general was the heavy downpour, the 
Italian Station of Domodossola registering 8'72 ins. in one day. The Swiss 
village of Orindelwald was reported to be " destroyed by the hurricane.*' In 
Austria alone the damage caused by the inundations cannot have been less 
than two millions sterling, the districts of Garinthia and the Tyrol being the 
principal Bu£ferers. Looking at all the facts, it may be generally accepted 
that this typhoon was the principal contributor in making the month of 
October 1882 the most disastrous within living memory. 

Immediately after reaching the French coast on the 27th the storm 
turned towards the north-east at a moderate rate, and slowly filling up it 
passed through France and the Netherlands to Denmark ; thence curving to 
west of north it crossed the South of Norway, and by the morning of the dlst 
we find it a little east of the Shetlands, inclined to pass out into the Atlantic ; 
but another large depression of superior energy, approaching our western 
coasts, apparently forced it eastwards again. At 8 a.m. on November Ist 
it is found crossing the southern part of Sweden, and by noon it had reached 
Gothland in the Baltic, where, after the very long journey of 14,000 nautical 
miles, it quietly disappeared. 

The typhoon has thus been traced during an existence of thirty-six days, 
its average rate of progress throughout the journey being about sixteen miles 
an hour, the maximum rate in the Pacific being fifty-one miles an hour, whilo 
over the American continent and also over the Atlantic the maximum was 
thirty-seven miles an hour. Both over the Pacific and over the Atlantic tho 
advance of the disturbance was considerably checked by anticyclonic areas 
existing across its direct path. 

Until quite recently most persons have viewed rather unfavourably the idea 
that storms could reach this country from even the comparatively short dis- 
tance of the Eastern Coast of America, and I cannot hope therefore that this, 
the first endeavour to trace a typhoon from its birth in the neighbourhood of 
the Philippine Islands to its death in the Baltic, wiU be immediately accepted 
as conclusive. I think there need be no doubt that many of our gales reach 
us from the Pacific, some travelling across the United States, others across 
Canada and even more northern regions. The storm of September 1st, 1888, 
has been shown to have come to Europe from the North-western States of 
America ; going a step further, an article by Professor Loomis in the American 
Journal of Science and Art, Vol. VIII. July 1874, proves that atmospheric 
changes originating on the western coast of America are not retarded in their 
movement to the eastward by the Bocky Mountain Bange — in fact depressions 
from the Pacific have not only crossed this high range, but have continued 
their course across the American continent and out into the Atlantic Ocean. 
In this Professor Loomis is supported by the track charts published by the 
Chief Signal Office, those for October and November 1881 giving tho path 
of a disturbance which was first observed in the Sea of Okhotsk on October 
15th, and after crossing tho Pacific, on an erratic' course, passed through 
Alaska, north of 60*^ N, to Manitoba by the 81st. Another disturbance 
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eoming up from Texas, the two combined, and on November 5tli passed into 
Iiabrador beyond the area of observations. 

The typhoon of the end of September 1882 has alTorded me the oppor- 
innity of still further extending oar knowledge as to the possible duration of 
atmospheric disturbances. 

Plate I., in addition to the track chart, shows the distribution of pressure 
and wind over the North Pacific Ocean for the fifteen days, September 26th to 
October 10th, when the storm entered Oregon and came within the area of 
the Meteorological Office Charts. The daily charts are necessarily very 
small, but there will be no difficulty in following the changes from day to day. 
With the exception of the wind at several of the Alaska Stations the data 
represented are for Greenwich Noon. An explanation of the Charts is given 
in the space following that for October 10th. The charts are the most complete 
that have hitherto been prepared for the same area ; but I shall only refer to 
the fact that within the short period of fifteen days no less than three typhoons 
are shown : the first, off the south-east of Japan on September 26th, had been 
some days coming up from the Tropics, and travelled to Behring Sea, where, 
as already stated, it was joined by the second one, which followed in a very 
similar track. The third is seen towards the end of the period moving very 
slowly northwards on the edge of the Tropics, and on October 10th had 
developed into a fearful hurricane. Taking a more easterly course than the 
preceding ones, it was well out in the Pacific on the 11th. 



Note. — ^The Chief Signal Officer, referring to this Paper, wrote on Decem- 
ber 9th, 1885: — ** Similar instances of probably continuous or nearly con- 
tinuous tracks over the Pacific and Atlantic arc already on record, but I 
know of none in which so much data has been brought to bear to elucidate 
the history of the storm. When storms are said to cross the Hocky 
Mountains or other plateaux, it is, I believe, understood that it is an abridg- 
ment of a fuller statement of the process by which a disturbance on one 
side gives rise to a disturbance on the other without the experience of an 
actual storm on the plateau. Barometric and sometimes thermometric 
disturbances are apparently thus propagated without special rainfall or wind 
on the higher levels, but the subject is still in need of further elucidation." 



DISCUSSION. 

Mr. Lauohton naid there was one important point in the Paper with which he 
could not agree. He refused to jvccept the readings of the barometer a« shown 
over the Rocky Mountain district : to liis mind they were pure fiction. No real 
evidence was adduced to show that storms ever crossed these mountains, and 
he once again entered a i)rotest against utterly uncertain reductions being put 
forward as such evidence. 

Mr. Archibald said he entirely differed from Mr. Laughton regarding the 
impossibility of storms crossing a range like tiie Rocky Mountains, both on 
theoretical and practical grounds. lie would not here discuss the theoretical 
p'ounds, but he liad noticed that Prof. Loomis, in his recent " Contributions to 
Meteorology," had examined several cases of storms advancing across America 
from the Pacific, and it was absurd to suppose that all these could have originated 
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on the eastern side of the Rocky Mountains. He hoped there would be more 
Papers forthcoming like the present one of Mr. Harries, which he thought dealt 
with the subject on a scAle commensurate with that on which such phenomena 
operated. We should soon perhaps be able to trace a storm right round the 
world, and recognise it as an old acquaintance when it re-appeared. 

Mr. C. Harding said that Prof. Loomis in one of his works attributed a 
common cause of storms which crossed the United States to the Rocky Mountains. 
The weather charts issued by the U. S. Signal Service certainly showea that storms 
often crossed these mountains. He had examined the charts which were used by 
Mr. Harries, and he could quite confirm the track as shown by him. It was a fre- 
auent experience with those who worked at charts on this scale, to find several 
aeprcssions merging into one, and in fact the eccentricities of storm-systems were 
not to be accounted for, two or three merging on some occasions and single sys- 
tems breaking up on others. He had made a careful examination of the Inter- 
national Charts of the U. S. Signal Service for some time back, and had only been 
able to find two tracks which at all compared with that now shown by Mr. 
Harries. On March 3rd, 1878, a storm-centre was situated on the coast of 
Oregon ; it was subsequently tracked across the United States and the Atlantic, 
over the Mediterranean, Europe and Asia, and was finally lost in the Pacific on 
March 28th, within about 2,000 miles of where it first started. The second 
instance was a storm which was first shown close to the Islands of Japan on 
November 14th, 1878, and subsequently tracked across the Pacific and the United 
States, and finally lost to the north of Iceland on November 29th. 

Capt. Toynbee said he was surprised at the amount of material which Mr. 
Harries had collected for the Pacific, because as a rule meteorological data for 
that ocean were very scarce. With respect to Mr. Laughton's remarks, he re- 
minded him that even if the barometer values were incorrect, the circulation of 
the wind would show the existence of a storm-system. This Paper clearly shows 
one of the difiiculties which forecasters of weather have to contend with, viz. 
that storms sometimes traverse great distances in a short space of time, and on 
other occasions remain stationary for several davs together. He hoped that the 
synchronous Charts of the North Atlantic wfiich are being prepared by the 
Meteorological Office will supply scientific men with such a large amount of re- 
liable data that they will be able to settle the following questions : — (1) As to 
the cause of the formation of cyclonic systems. (2) As to the process by wliich 
they change their positions. (3) As to the reason why they move in certain 
tracks. (4) As to why they sometimes stand still, at others move slowly, and 
at others quickly. 

Mf. Gaster reminded the Fellows that severe comments were passed at the 
end of 1882, in the House of Lords and elsewhere, on the fact tiiat the storm of 
October 24th had not been warned for by the Meteorological Office at 6 p.m. on 
the 23rd, and remarked that it was gratifying to find that the storm was not even 
in existence at the time when warnings coula have been issued. 

Mr. Harries, in reply, said regarding Mr. Laughton's remarks, that the actual 
values of the individual barometer readings referred to was not a very important 
matter, seeing that observations over an extensive locality reduced to sea-level 
on a uniform system showed areas of high or low pressure, as the case may be, in 
complete sympathy with observations at low level stations. Although the Chief 
Signal Officer in his report gave the origin of the storm as in Nebraska, he has 
in the International Track Chart given it as having crossed the Rocky Mountains 
from the Pacific. With respect to the doubt expressed as to the coalescence of the 
two disturbances in Mid- Atlantic, without even considering the wind changes, it 
seems in the highest decree improbable, when two areas are approaching and the 
barometer in each equally low, as in the Pacific, October 2nd, and Atlantic, 
October 17th, that one of them should suddenly disappear without in any way 
influencing the survivor. The tracks mentionea by Mr. Harding are rendered 
extremely doubtful from the fact that in 1878 there were no sea observations over 
the North Pacific, and there were no records from the interior of Africa. The 
track which has just been placed before the Society is, therefore, the longest that 
has been followed day by day throughout its continuance. He then refen*ed to 
Ids having connected the birth of tliis typhoon with the anticyclone from Asia, 
and said that quite recently both Dr. Doberck of Hong Kong, and Padre Vines 
of Havana, agreed in gi^'ing a rising barometer as an indication of the formation 
{ji tropical cyclones. 
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Notes as to the Principle and Working of Jordan's Improved 
Photooraphio Sttnshine Becorder. By James B. Jordan and 

Frederic Gaster, F.R.Met.Soc. 

[Bead November 18tb, 1885.] 

The value of an automatic recorder of bright sunshine has for some time 
past been fully recognised by all leading meteorologists, and the public in- 
terest in the construction and use of such instruments appears to be in- 
ereasing. But although it is a comparatively recent thing for Sunshine 
Recorders to have been placed in several parts of our Islands, the impor- 
tance of the subject was sufficiently recognised, more than thirty years 
ago, to induce Mr. J. Campbell, of Islay, to construct an instrument the 
general principle of which has served as a basis for all the " burning '' 
recorders now in use. At a much earlier date than this, however, in 1888, 
an automatic Daylight or Sunlight Recorder had been invented and con- 
structed by Mr. T. B. Jordan, who wrote and pubHshed an account of his in- 
vention in the Sixth Annual Report of the Royal Comicall Polytechnic 
Society f p. 185. A few words as to this arrangement will be useful. 

The instrument consisted of two metal cylinders, one revolving on the 
other. The inner cylinder was fixed, and carried on its outer surface a ^eet 
of sensitised photographic paper. The outer one revolved (by clockwork) 
once in twenty-four hours, and was perforated by an opening which was 
kept constantly directed towards the sun, whose rays thus acted on and 
discoloured the paper whenever his face was unobscured. When, however, 
the sky was cloudy, the paper was less deeply tipged by the ordinary 
(diffused) daylight, and in this way the varying intensity of the different 
parts of the curve gave an approximate record of the changes taking place 
in the brightness of the day. By revolving on a screw the outer cylinder 
altered its position slightly from day to day, and in this maimer a week's 
record could be obtained on one sheet. 

A second instrument was proposed by the same gentleman later on, by 
which a more precise measure of the intensity of the daylight was fur- 
nished by the instrument itself. Still more recently, experiments were made 
by fixing to the hour hand of an ordinary American clock a disc of sensitised 
paper. This revolved once daily beneath a metal cover in which a hole 
was pierced. Through this hole the light rays passed to the paper disc, 
producing a trace on its surface varying in tone with the intensity of the 
light prevailing from one hour to another. Owing, however, to the imperfect 
condition of the science of photography at that date, as well as to other 
reasons, the instruments did not receive the attention they deserved, in 
addition to which the employment of clockwork in an instrument which must 
of necessity be so long fully exposed to all changes in the weather, made it 
either expensive or liable to irregularity of action. 

Thus matters remained until in 1854 Mr. Campbell constructed his Sun- 
phine Recorder, consisting of a burning lens (a glass b^l filled with water) 
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placed in a wooden bowl, the radius of which was eqaal to the focal length 
of the lens. This was exposed freely to the solar rays, which burned the 
mahogany into a series of nigged farrows. Each bowl was exposed for six 
months at a time, and consequently furnished a rough record of the burning 
energy of the sun during that period. The water globe was soon replaced by 
a glass ball. The instrument was kept working in Whitehall for several years, 
and the bowls are now in the possession of the Meteorological Office. 

On the instrument coming into the hands of the Meteorological Council, a 
number of improvements were made in it, mainly by Mr. Scott and Mr. Lecky. 
A brass frame with a strip of cardboard, to be renewed daily, and marked 
with hours and half-hours, took the place of the wooden bowl. Finally a 
carefully constructed frame was designed by Professor Stokes, so that the 
variations in the sun's declination could be duly allowed for. These improve- 
ments resulted in the issue of the ** Bright Sunshine Recorder " now 
in use by the Meteorological Office in many parts of the British Isles, 
and the records of which promise to be of great value to meteorologists and 
others. Numerous modifications of the frame and other mountings of the 
instrument have since been proposed, all more or less admirable for their 
purpose, but in all of them the essential principle is the same. Let us, how- 
ever, observe one feature common to all : the instruments are no longer sun- 
light or daylight recorders, but recorders of bright sunshine— of sunshine 
the heat rays of which are sufficient to bum or scorch, by means of a certain 
lens, a piece of specially prepared cardboard. Here we have a definition of 
what is now termed ** Bright Sunshine." 

There were, however, two matters which soon forced themselves on the 
notice of the bulk of Meteorologists, viz. (1) The new instruments were 
too expensive to come into very general use ; and (2) a little haze, or a film 
of cirrus cloud coming between the sun and the recorder was sufficient to 
stop the burning or scorching of the card, although the sun might be shining 
with considerable strength, and presumably exercising a great effect on the 
health and spirits of animals, and possibly on the life of plants also. 

It was in order to remedy this state of things that the new (photographic) 
recorder, the subject of this paper, was designed by Mr. James B. Jordan, 
of the Home Office. The form in which the instrument first appeared, and 
in which it was exhibited at the Meeting of the Society in March 1885, 
proved somewhat inconvenient, and was accordingly modified as shown in the 
accompanying figure (Fig. I. p. 28). 

It consists of a cylindrical dark chamber, on the inside of which is 
placed a prepared chart of photographic paper. The direct rays of sun- 
light are admitted into this chamber through small apertures; they are 
received on the sensitised paper chart, and, travelling over it by reason of the 
earth's rotation, leave a distinct trace of chemical action whenever the light is 
of sufficient intensity to show a definite shadow on a sundial. The depth of 
tone of the trace varies greatly with the intensity of the light, and thus affords 
(approximately) a record as to the brightness of the sunshine, as well as its 
duration. This is done to some e^^tent by the " burning " recorder also, but 
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FlO. I. 

in the uvn mBtmmeiit tho Bon will coatinne marking, BOmetiine§ for hoars 
tt^eUier, when io the old ooe it has ceased to do so, owing to the presence of the 
thin clonds or haze ahoady referred to. The cylinder is mounted on a Hoitable 
stand, having a simple means of adjustment, to admit of its being used in any 
latitade. Its a4}iiatment to the true meridian is equally shnple, as the upper 
portion of the frame tnma on the lower by means of a central pivot. The 
charts are obttunable ready for nse. The record is at once visible, needing 
no "developing," and can be "^xed" by simply immersing the chart in cold 
water for about ten minutes with its face downwards. 

The instniment has now been in use for several months, and answers the 
purposes for which it was constmcted. 

It must be clearly understood, that there is no antagonism between the 
boroing and the photographic recorder. The one registers the heat rays of 
B certain intensity, the other the actinic rays, so that in some respects the 
record of one instnunent may be looked on as the complement of that of the 
other. Appended is a Table, giving the daily and aggregate values for the 
snnahine as regiatered by the two instmments during one month, the two 
instruments being side by side. From these we see that the photographic 
recorder roistered abont 11 per cent, more sunshine than its companion ; 
but this is mentioned with a view to prove that the nev instmment 
does its work weU, rather than to suggest that there is any defect in the 
burning recorder when well made. Defects in construction are of conrse too 
common in moat meteorological instruments, the results of which are often 
Beriona ; but to remedy this the optician or maker must be appealed to. It may 
be assumed, however, that the simpler the instrument is the less liable will it 
be to such defects. 

One or two remarks must be offered as to some objections which hnvc been 
putde to this form of Itecorder, 
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Sunshine Obsebyations taken at Staines. 
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I Hazy atmosphere throughout the day, increasing towards sunset. 
8 Very wet till 3 p m. » Very showery. 

* Heavy rain till 2 p.m. * Very wet. 

<* Card shifted by wind. 

(1.) It has been objected that it cannot register with uniform accuracy 
the intensity of the sunshine at all hours of the day, because as the beam of 
light enters th^ instrument at varying angles, a certain proportion of it is 
cut off by the sides of the aperture when the angle of incidence is small. 
This would certainly be the case were it not that the intensity of the light 
on the receiving surface is increased in corresponding proportion, by the 
surface affected being nearer to the aperture through which the beam enters 
as the angle of its entering decreases. The chemical intensity of the light is 
therefore truly recorded throughout the whole range. 

(2.) As to the photographic method of recording sunshine generally — ^it 
has been said that a great objection to the system is the trouble of developing 
and fixing the results obtained. It is desirable, therefore, to point out that 
in Mr. Jordan's (as well as in Prof. McLood's) instrument, the Cyanotype or 
Ferrocyanide process adopted requires no development whatever ; the image 
is distinctly marked upon the chart, and can be registered immediately it 
is removed from the cylinder ; and that it needs only to be *< fixed " in order 
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to preserre the record for future reference. The fixing is readily done by 
placing the paper for a few minutes in cold water. 

It remains only to say in conclusion, that the price of the new recorder is 
low, and to call attention to a few matters of importance to those who use 
it: — (1.) Keep the sensitised charts, before they are used, in the dark; 
(2.) See that they fit perfectly round the cylinder, and that the apertures 
are free from dirt ; (8.) See that the instrument is on a level and firm base, 
and adjusted to the true meridian ; (4.) Count up the hours of sunshine 
and group them according to their intensity before placing the charts in the 
water for fixing, as occasionally portions of the very faint traces may disappear 
during the operation ; (5.) Leave the chart in the water when ** fixing" it 
for about ten or fifteen minutes, placing its face downwards, and occasionally 
Bb^^lfiTig it a little ; (6.) Date the record with care. 

Much credit is due to Messrs. Negretti and Zambra for the careful way in 
'which they have carried out the details of the instrument and brought it to 
its present compact form. 



DISCUSSION. 

Mr. Batabd exhibited the sunshine charts from a Jordan's recorder with 
which he had commenced registering in March 1884, and said that it would be 
Been that in some cases the traces had almost disappeared. He wished that a 
more sensitive paper could be used, as frequently the faint traces vanished when 
placed in water for fixing the record. 

Mr. Whipple remarked on the ingenuity of the instniment, and went on to 
explain the difference between the registrations of Jordan's and Stokes' or 
Campbell's sunshine recorder, the one registering rays at the blue end, the other 
at the red end of the solar spectrum. He thought it was very desirable that 
the two modes of registration should be kept distinct, as neither was in itself a 
perfect record of sunshine, one supplying what the other lacked. 

Mr. Lecky agreed with Mr. Whipple as to the ingenuity displayed in the 
construction of the instrument, but thought that the registration of sunshine by 
photography was of very little use in meteorology. 

Mr. Symons said he had had very little experience indeed in the use of sunsliine 
recorders, but the question had lately been considered by the Council of the 
Koyal Botanic Society, and the conclusion they came to was that, so far as botany 
was concerned, the actinic rays were the more important ; they, however, decided 
upon recording both heat rays and actinic rays. He should like some one to say 
what degree above the horizon a sunshine recorder must be placed in order to 
record the sunshine as soon after sunrise as possible. Mr. Symons supported 
Mr. Whipple's caution as to confusing the two systems of recording ; possibly 
it would DC avoided by giving to the photograpliic method the title of *^ sunlight" 
recorder. 

Mr. Ellis remarked that record could not generally bo obtained under an 
altitude of the sun of 5°, or at least that there should be no obstacles above this 
altitude. He was not prepared to say what this represented in time. (Subse- 
quently Mr. Ellis stated that 5° represents about 40 minutes, more or less accord- 
ing to the time of year.) 

The President (Mr. Scott) said that Mr. Dowson, at Geldeston, had obtained 
a record as early as twenty minutes after sunrise. Mr. W. E. Wilson, F.R.A.S., 
a friend of his in Ireland, had lately patented an instniment for the record of 
sun heat, which was extremely sensitive and apparently would rival Mr. Jordan's 
instrument in that particular. 

Mr. Gaster said, in replv, that the matter referred to by Mr. Whipple had, he 
thought, been sufficiently dwelt upon in the paper ; and that as to Mr. I^ecky*s 
objection, it would be necessary first to prove that the actinic rays in sunlight arg 
of no importi^nce before asking to have them neglected, 
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On the Influence of Forests upon Climate. By Dr. A. Woekof, 

Hon.Mem.R.Met.Soc. 

CTransIated from Petermann's Mittheiluriffent 1S85, No. S; and commnnicated by J. 8. 
Harding, F.B.Met.Soo.) 

[Bead December 16th, 1886.] 

The existence of any influence of forests npon climate has often been con- 
tested, and the question remained for a long time unsettled, because meteoro- 
logists were content to apply principles of too general a character. Tho 
flrst step towards a scientific investigation of the subject was the estab- 
lishment of the Bavarian Forest Meteorological Stations, the results of which 
have been published by Professor Ebermayer. The excellent examplo of 
Bavaria was soon followed by Germany, France, Switzerland, Italy, and 
other countries. As a general result it was found that during the warmer 
season (1) the air and earth temperatures were lower in the forest than in 
contiguous woodless places ; (2) their variations were less ; and (8) the 
relative humidity was greater. 

The following details, referring to the amounts of evaporation from April 
to September, are quoted as being of special importance : — 



Eastern France 


In the Open. 


In the Forest 


Percentages. 


Ins. 
^ 16-23 
1319 

1485 
1571 

9*93 
10-52 


Ina. 
520 
626 

6-22 

6*42 

473 
4-17 


312 
211 

*39 

210 
*5» 


The Alsatian Moantains 

Bavaria 


Brandenbnrs • 


Eastern Prussia 


The Silesian Mountains 



1 NoTB. The measures lutvo been oonyertcd to their English equivalents, occasionally altering tho 
f ound numbfrt employed by the Author. [ TYant. ] 

It will be therefore seen that the evaporation from a free surface of water 
in the open was everywhere more than double, and even above three times 
that in the forest. In Bavaria, the evaporation from soil saturated with 
water was observed. This amounted in the same seven months to 16*07 
ins. in the open, 6*26 ins. in tho forest without dead leaves, and 2*44 ins. in 
the forest with them. This experiment shows that the evaporation in the 
open is 6} times as much as in the forest with the covering of dead leaves. 
The influence of the forest on the diminution of evaporation from water and 
ground is so great that this cannot be explained by the lower temperature of 
the warmer months only, by greater humidity, or even by the shade : one 
influence which has hitherto been too Httle regarded is especially important 
in effecting this result, viz. protection from the wind afforded by the fact of 
the trees standing closely together. This last cause is probably more im- 
portant in its effects than all the others put together. 

The diminution in wind force which is caused by the presence of trees 
is well known, although we have unfortunately no numerical data with 
reference to it ; but it could easily be investigated by the erection of anemo- 
ipeters. It follows also from the laws of Mechanics, that if this diQiination 
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of the wind in forests is chiefly evident in the lower strata of the air below 
the tops of the trees, it cannot cease immediately above them, but owing to 
the so-called viscosity of the atmosphere, must extend to a considerable height, 
so that the motion of the air must be weakened up to five or even ten times the 
height of the trees. This indicates the extent of the favourable influence 
which forests must exert in maintaining the humidity existing in air or soil ; 
and naturally the denser the forest and the higher the trees, the greater is 
this influence. But if this action is incontrovertible, the same cannot be 
said of the influence of forests upon rainfall, &c. ; an influence which is as 
often asserted as it is denied. Hitherto the best observations giving compara- 
tive values and maintained for a sufficient length of time were those made in 
the neighbourhood of Nancy. 

The three stations were situated as follows :•— 

A. Cinq Tranch^es, about five miles west of Nancy, in the midst of great 
forests, 1,247 feet above sea-level, on a plateau of Lower Oolite rocks ; the 
rain-gauge being placed in a meadow of some acres in extent. 

B. Belle-Fontaine, about four miles north-west of Nancy in a valley on 
the border of the forests, 787 feet above sea-level. The rain-gauge is here 
placed in a nursery garden. 

C. Amance, about six miles north-east of Nancy, on a hill of Lower Oolite, 
1,247 feet above sea-level. The district is almost woodless, fields being pre- 
dominant. 

It will be seen that for A and C at least the height above sea-level and 
the rock formations are identical; the surrounding country is not moun- 
tainous but only hilly. 

The following are the amounts of rainfall, &o. deduced from the mean of 
seven years' observations : — 

Cinq Tranch^eB. Amance. 
Ids. Ins. 

February to April 6'26 5'87 

May to July 7*86 6*50 

August to October 7*60 6'18 

November to January 8*40 6'97 



Annual total 29*62 25*52 

In eighty-four months there were sixty-three in which A had more rain 
than C. In two, the falls were equal, and there were only nineteen in 
which C had more rain than A. July 1872, and July and August 1875, 
have been excluded from the calculation, because the great diflerence shown 
in those months was probably due to violent showers ; if these are included, 
we get the following annual sums, A = 80*21 ins., B = 27*29 ins., and C 
== 25*56 ins. The station B occupies an intermediate place between A and 
C. The observations indicate a considerable influence of forests on the in- 
crease of rainfall. It would seem that in winter the eflect of forests upon 
rainfall ought to be unimportant in the climate of Central Europe, — the difler- 
ence of temperature and humidity between forest and field bein^ very small. 
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and the amount of vapour in the atmosphere mconsiderable. The observa- 
tions, however, show that during this season* the forest really receives much 
more rainfall, &c. this being accounted for by the following facts: — (1.) In 
winter the clouds being at a lower level than at other seasons, the obstruction 
caused by the forest to the motion of the air must then considerably affect 
their motion ; the air will consequently be forced upwards, and at a time of 
great relative humidity a small change of level suffices to produce condensa- 
tion of the vapour. (2.) In winter damp West winds are more frequent, and 
the rainfall is of longer duration ; hence the greater importance of forest in- 
fluence at that season. In the spring and early summer the effect of forests 
upon the increase of rainfall is much diminished, because at these seasons 
there is considerable evaporation from the surfaces of fields and meadows ; 
probably more water evaporates then from a given extent of field than from an 
equal surface of forest, taking into account the evaporation both from crops 
and soil. Towards the end of summer and the beginning of autunm the 
soil of the fields is considerably dried up, com is ripe and evaporates but little, 
while the surfaces of the leaves in the forests still evaporate freely. Conditions 
then are more favourable to an increased humidity of the air in the forests, 
and hence to more copious and frequent rainfalls. There are other modes of 
condensation of vapour for which forests are especially favourable. In winter 
large quantities of hoar frost collect upon coniferous trees, which by the action 
of the wind falls, increasing the amount of snow on the ground. In warm 
and moist climates, especially in the tropics, dew collects so freely on the 
surface of leaves as to fall in large drops and wet the ground. In this manner 
a considerable amount of the water evaporated during the day returns again 
to the earth in the form of dew the following night. 

The question now arises whether similar instances of the influence of 
forests are exhibited in other climates. Since no observations taken at 
forest meteorological stations in low latitudes were available, the question 
must be put otherwise : — Have great forest systems such an influence on the 
climate, that their effect may or may not be similarly recognisable in obser- 
vations taken outside of forest limits ? India affords good examples of 
this. It should be remarked here, that the diminution of temperature as 
we proceed northwards takes place very slowly, for example, it only amounts 
to about 0°-14 F. per 1° of latitude between lats. 19°— 31°. It must also be 
observed that in Northern India the months April — June have justly been 
called the hot season and are extremely dry over a great part of the country, 
for the heavy falls of rain only commence about the end of June. The heat 
and drought are most intense in the interior, being naturally moderated 
on the coasts by the proximity of the sea. Between lats. 28° — 27° in 
Northern India districts exist with scarcely any forests, such as the greater 
part of Bengal, the North-west Provinces, and Oude. There are also 
thickly wooded countries, Assam (the central district of the Brahmapootra), 
Silhet, Cachar, and the region east of the lower course of the Brahmapootra. 
It will be seen from the table given on p. 80 that in the timbered districts of 
I^ortbenii India, even ^t some distance from the sea-coast, (1.) the hot period 
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in April to June disappears, so that the temperature rises uninterruptedly from 
January to July. (2.) The mean temperature of the months April to June is 
from 7° to 11° lower than in the unwooded regions equally remote from the 
sea, a difference observed nowhere else on the globe between stations so close 
together and having no intervening mountains between them. (8.) The 
maxima differ even to a greater extent than the means, and are scarcely higher 
in the forest districts of Northern India than in Central and Southern Russia ; 
whilst in the woodless parts of Northern India, even in close proximity to the 
sea, temperatures exceeding 104°, and frequently 118°, occur annually. (4.) 
The humidity of the air is great, especially in the densely wooded districts 
of Upper Assam (Sibsagar), which during April to June exceeds the mean 
relative humidity of woodless regions at an equal distance from the sea by 
40 per cent. (6.) This may perhaps tend to explain the early commencement 
and gradual regular increase of rainfall in the timbered countries. To the 
westward of the district we find a sudden decrease of temperature in June or 
July, whilst after the prevalent winds of summer have set in, the rains keep 
off for a long time on account of the air being too hot and too dry for pre- 
cipitation. (6.) In order to show that the relative humidity in Sibsagar is 
not high only in the rainy months, the means for December, which is almost 
rainless there, are also given. Yet the mean humidity is 82 per cent., against 
60 per cent, in Patna, which lies much nearer to the sea-coast. 

The Table requires no farther explanation. The figures are taken from 
the Report on tlie Meteorologtj of India, 1880, with the exception of the 
maxima, which have been calculated from the separate years 1877-80, as in 
these years the exposure of the thermometers was good and their corrections 
were known. The maxima almost always fall in the months April to July, 
and if, as seldom happens, they fall at other times, they differ but little from 
the maxima observed in those months. 

It may be argued that the high humidity and the relatively low temperature 
in Upper Assam from April to June may bo a consequence of the general 
climatic position, and not of the dense forests which exist there. This is only 
the case to a certain extent. Upper Assam is far distant from the hottest 
and driest parts of India ; the Table points out that even the proximity of the 
sea moderates the heat less than do the forests (see Saugor Island). It should 
also be noted that Upper Assam has a position to the leeward of the damp 
South-west Monsoon ; this must diminish the amount of rainfall and even give 
rise to FOhn winds. In fact, Sibsagar in June and July is warmer and drier 
than Goalpara. A glance at the map shows that the Khassia mountains lie 
to the South-west ; on the slopes and summits of these the rainfall is the most 
copious known upon the Earth, and falls almost exclusively between May and 
October. As the wind rises over the mountains, before it descends into the 
valleys of the Central Brahmapootra, it must be relatively dry. These 
mountains therefore cut off the direct supply of moist air, allowing only a 
small arm of the moist Monsoon to penetrate the country indirectly from the 
West. There is scarcely any increase of rainfall as far as Sibsagar, on 
account of the ascent of the air^ for the place is scarcely more than S(iO feet 
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nbove sea-levol, onil sufficiontly romote from tlic mouuliilus on tliu north and 
eaat. A similar example of tbo moderation of the beat by ostciuive forests in 
found in South America, much nearer to the Equator than in India ; nnfor- 
tunat«ly, however, few obeervatiouB are available. Tlio following Table 
represents the conditions prevailing in that region. The distance from tha 
Atlantic is shown because the influence of the Pacific Ocean is quite cut uS 
by the Andes and the territory of the Amazon. All the places arc probably 
under 660 feet above the level of the sea. 

In the accompanying table Iquitos is especially worthy of notice— situated 
almost under the Equator, very far from the aea on a plain scarcely 860 feet 
above the level of the sea and yet having on absolute maximum of 90°-8, tho 
warmest month being but 7a°'8. Every volume of travels (especially Bates's 
work, The Saturaliit in the Avwzont) testifies to tho density of the forests 
and the luxuriance of vegetatioD in these cottntrieE. The rainfall also is 
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especially large, 112 inches a year ; and exceeds that observed anywhere else 
at a similar distance from the sea or mountain ranges. It is also remarkable 
that Para, which is nearer the sea, has a higher temperature. 

San Antonio, on the Biver Madeira, is somewhat warmer than Pemambuco, 
on the sea coast ; but the following facts must be taken into consideration : — 
(1.) That there is much rock near the river Madeira, and therefore favour- 
able conditions exist for the heating of the air by radiation from these rocks. 
(2.) At Pemambuco the East wind from the sea prevails, which cools down 
the air. On the other hand, the air is drier at Pemambuco than in the 
wooded districts of the interior. Table N!o. 2 shows that dense forests near 
the Equator cool the air as much as or even more than the sea does, and that 
high maxima do not occur where extensive forests exist. It has already been 
stated that this is due to evaporation from the leaves and to the diminution 
of the wind's force. In the first case, the effect of thick, low, vegetable 
growths is analogous : but (1) the diminution of the wind's force is incon- 
siderable, hence the humidity can more rapidly be carried away ; (2) In the 
case of plants such as grasses, which are not deeply rooted, the moisture of 
the ground is soon exhausted, and they quickly wither if rain does not fall 
frequently ; little evaporation then takes place, and the cooling effect is 
diminished. 

Forests retain the water from rain or melting snow much better by the 
covering of dead leaves, mould and moss, and only allow a portion to run off 
superficially when large quantities of water fall ; the remainder percolates 
gradually, and much of it is utilised in evaporation from the trees. Although 
forests, especially the dense luxurious forests of the tropics, cannot, of course, 
exist without a certain supply of water, yet the time when they receive it is of 
little import to them. A good instance of this is the Lencoran Forest, on the 
west coast of the Caspian Sea, where vegetation is more luxuriant than in 
any part of Europe ; for a mass of climbing plants encircles the trees so 
that it is always humid in the forest, and yet here the rain curve is a sub- 
tropical one, very little rain falling in summer, but large quantities in autumn 
and winter. The water is stored up in the forest, so maintaining evapora- 
tion during the summer droughts. 

In Upper Assam also, during the four months November to February, 
little rain fiaUs, but the evaporation of the forests keeps the air damp. It 
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would appear that the influence of dense forests of warm regions upon rainfall 
is such that, if the general climatic conditions are opposed to rain little rain 
falls, even where those forests are extensive. This is the case when the wind 
is constantly descending, or blows from cooler and drier quarters, — as from 
November to February in Assam, when North-east winds prevail. If there is 
a strong wind from warmer and damper quarters, and especially if it has an 
ascending motion, the conditions are favourable for rain, whether forest, field 
or steppe predominate. Weather types are very far from being always so 
strongly defined. Frequently, in the vicinity of the Equator, the winds are 
variable or local ; or calms prevail. Under such conditions dense forests must 
be favourable to rainfall, as offering an obstacle to the wind's movement, they 
cause the air to ascend ; and since it is already damp, condensation ensues. 
With the same direction of wind there would be little or no rain in woodless 
regions. During calms and clear weather, after a long drought, the ascend- 
ing current over forests is much more humid than that over unwooded 
districts where tlie ground is dried up, and vegetation withered. Here then 
are conditions again more favourable for rain production ; in the former case 
even calms alone may cause rain with an ascending current ; an example of 
this may be quoted in the case of the frequent afternoon thunderstorms in 
well-protected Alpine valleys. The correctness of the above remarks is 
proved by the frequent earlier commencement of rain in the tropical forests. 

Attention has before been drawn to the humidity of the air and the 
relatively low maxima in forest districts of low latitudes. It must not bo 
understood, however, that damp air is incompatible with high temperature. 
The climate of the Red Sea proves the contrary. There the relative humidity 
of tlie air is very great, with a mean temperature for several months of over 
8G°, whilst a temperature of 104° and upwards is sometimes observed. In 
forests the humidity is, however, chicil}' derived from leaves, i.e. by a process 
by which heat is converted into work, hence the cooling effect which takes 
place. With regard to the question as to whether the inilucuco of forests on 
the climatic conditions of their vicinity is also manifested in the western 
portion of the world, — in latitudes 88° — 50° N, — lot us select tl.e tempera- 
ture of July as being the warmest month. On tl:e A\hole the temperature 
is lower on the shores of the Atlantic Ocean, and rises towards the interior 
of the continent. In the following tables only observations beyond forest 
limits have been taken, and in order to allow for the influence of latitude, 
it has been assumed that the temperature increases to the southward at the 
rate of 0°-9 F. (0°-5 C.) for each degree of latitude. For every 828 feet 
(100 metres) of altitude a correction of l°-8 has been appHed. The results 
are not reduced, however, to the sea-level, but to 656 feet above it. This 
lessens the reductions for the greater number of stations, and also diminishes 
the possible error. 

Mean temperature of July reduced to 52° N latitude and to 656 feet above 
sea-level : — 
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Valencia (Ireland) 57-6. Orel & Kursk (Mean) 67-6. 

Leipzig 62-6. Poljanki (Ssaratow) 66-7. 

Warsaw 64-8. Orenburg 69-1. 

Tschemigow 65*1. Akmollinsk (Kirghiz steppe) 70*0. 

There is here a rapid rise of temperature from the ocean to Central 
Germany and Poland, where it is partially interrupted. It is scarcely notice- 
able from Warsaw, as far as the district of the central Dnieper, on account 
of the numerous forests and marshes. It increases rapidly again to tlio 
Tschemosjem district of Central Russia with its almost uninterrupted fields, 
then falls more than 1^*8 in the great forests at the sources of the Ssura, to 
rise again in the steppes of Orenburg and Kirghiz. 

Mean temperature of July reduced to 50° N latitude and 656 feet above 
sea-leyel : — 



Guernsey 59*5. 

Brussels 62-6. 

Wiirzburg 68-0. 

Promenhof (N.W. Bohemia) 64-4. 
Prague 68-0. 

Hochwald 68-7. 



Troppau 68-0. 

Arvavaralja (N.W. Hungary) 64*2. 
Lemberg 65*5. 

Kiew 66-2. 

Charkow 68-4. 

Ssemipalatinsk 72'7. 



Again there is a rise of temperature from the ocean to the valley of the 
Main ; then the great forest regions in the West and East of Bohemia cause 
a considerable fall ; in the middle of that country it is again higher, and also 
in Austrian Silesia. In the densely wooded valleys of the Hungarian Car- 
pathians it is much lower. In Eastern Gallicia, far from the Carpathians, the 
influence of the adjacent forests is so great that the temperature is lower than 
in the vaUey of the Main and in Central Bohemia. At Kiew it is still lower 
than in the above mentioned districts ; for forests and marshes extend nearly 
io the town on the north-west and north-cast sides. Even Charkow is little 
warmer than Prague. Great woods existed there even recently ; but further 
to the east, where there are only steppes, it is much warmer. 

Mean temperature of July, reduced to 48^ N. latitude and 656 feet above 
sea-level : — 



Brest 

Versailles 

Carlsruhe 

Vienna 

Debreczin 



Jjebreczm \ tt 
Rosenau ) ^^ 



62-2. 

65-5. 

66-6. 

67-8. 

70-7. 
68-9. 



Bistritz (Transsylvania) 68*0. 
Czemowitz 68*9. 

Ekaterinoslaw 71 '6. 

Lugan (S. Russian steppes) 72*5 
Irgis (Kirghiz steppes) 75*6. 



The temperature increases from the Atlantic Ocean as far as the Pusztce^ 
of Hungary. But it is much lower in the forests in the east of this country ; 
but the relatively low temperature of Czemowitz in the Bukowina is especially 

^ Steppes. In**Ogilvie" pronounced Poosts. 

JISW 8SBIX0. — ^YOL. Xn. O 
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remarkable. This place is a long way from the ocean and is separated from it 
by mountains, but near to the South Russian steppes and not separated from 
them by any obstacle, and yet July is considerably colder hero than in the 
middle of Hungary. The surrounding beech forests are certainly one of the 
principal causes of this phenomenon. Further eastwards a great rise of tem- 
perature is observable from the Southern Russian steppes, where agriculture 
without irrigation is extensively carried on, as far as the Caspian steppes, on 
which it is no longer possible. 

Mean temperature of July reduced to 46° N latitude and 656 feet above 
sea-level : — 

o o 

La Rochelle 66*7. Orawicza ) Mountains 67'5. 

Milan 69-8. Pojana Ruska ) S.E. Hungary 67-8. 

Trieste 72-7. Odessa 71-2. 

Zaghrab (Agram) 71-1. Cherson 72*5. 

Bzegedin ) Hungarian 71*6. Astrakan 75*6. 

Arad ) Pusztae 78*0. Raimsk and KasaUnsk 76*1. 

(Syr-Darja) 

The high temperatures of July at Trieste, on the sea-coast, are noteworthy. 
But it is well known the environs of the town are bare and sunburnt, and 
how strongly the sun heats the rocks. The temperature is lower in the high- 
lands of Croatia, where large forests still exist. There is no doubt that in 
the interior of Servia and Bosnia the temperature in summer is lower still, 
owing to the same cause ; while near the sea, where the surface is bare rock, 
the temperature reaches a higher point.* 

Mean temperature reduced to 42° N latitude and 656 feet above sea-level : — 

Oporto 67*6. Kutais 78-0. 

Rome 75*2. Tiflis 78*8. 

Ragusa 74*8. Nukuss and Petroalexan- 

Poti 70*9. drowsk (Amu-Daija) 80*2. 

Here we see a relatively low temperature in the vicinity of the thick forests 
of Mingrelia (Poti), amounting to 8°*6 lower than on the shores of the Adria, 
in rocky Dalmatia. 

From the position of Poti, situated much further in the interior of the 
continent, we should rather have expected a higher temperature. Even at 

^ In an appendix to the paper the author refers to Tables pnblifihed in the OesUr- 
reickitche Zeitsehrift fUr Meteorologies 1886, No. 1, for these ooontries, which eonfirm 
his view in a remarkable manner. Reducing the Tables to latitude 44° and to 656 feet 
(200 metres) above sea-level (assuming as before a decrease of temperature of 0*9 F. 
(0-5 C.) for l°of latitude and 1°*8 P. (0°-7 C.) for 828 feet (100 metres) of elevation), it 
was shown that (1) the temperature in summer in Bosnia was from 4°*5 to 8°'l cooler 
than in the Hersegovina ; and that (2) even on the Island of Lissa, where under the 
full influence of the Adriatic Sea the summer should be cooler, the temperature is more 
than 1^*8 higher than it is in Bosnia, which is separated from the sea by high moan- 
tains. Hence he condudes that Bosnia owes this relatively oool summer to her 
extensive forests*— rrafulator. 
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Katais, remote from the sea, July is cooler than at the sea- shore in Dahnatia. 
Tiflis is warmer still ; here we have an absence of forests not only in the 
vaUey, bat also on the mountain slopes, rendering, generally, the valley 
abnormally hot. The places on the Amu-Darja, being situated in ihe plain, 
represent better the general conditions of the region. It is to be observed 
that here July is probably cooler than in the adjacent steppes, owing to 
irrigation. 

Mean temperature of July reduced to 88° N latitude and 656 feet above 
sea-level : — 

o • o 

Lisbon 70-5. Smyrna 77*9. 

Gampo Maior 76*8. Lenkoran 74*7. 

Palermo 76*5. Erasnowodsk 82*0. 

Athens 79*2. 

In Portugal, which is poor in forests, the temperature rises very rapidly 
towards the interior, — the ground is much heated during the almost rainless 
summer. The heat is still greater in stony Attica, notwithstanding the 
proximity of the sea. The case is different in Lenkoran, near which dense 
forests exist and greatly cool the air. On the contrary, on the eastern shore 
of the Caspian, owing to the desert of sand and stone, the temperature is 
very high. 

If we take the temperatures of Lenkoran and Poti, that is, of two places in 
the vicinity of very thick luxuriant forests, without reducing them to 656 feet 
(200 metres), but reduce those of Lenkoran alone to latitude 42° N, we 
obtain a temperature of 75°* 1, or 0°'4 more than the mean temperature of July 
at Poti. 

The above considerations show that in the western portions of the Old 
World extensive forests materially influence the temperature of neighbouring 
localities, and that the normal increase of the temperature from the Atlantic 
Ocean towards the interior of the continent is not only interrupted by their 
agency, but that they cause the summer to be cooler in regions situated further 
in the interior than those nearer the sea. 

Hence forests exert an influence on climate which does not cease at their 
borders, but is exerted over a greater or less district, according to the size, 
character and position of the forests. Hence it naturally follows that man, by 
clearing forests in one place and planting others in another, may considerably 
affect the climate. Many incline to the idea that, as forests increase precipi- 
tation, it would only be necessary to plant in order to remove deserts from 
the earth's surface. No person familiar with meteorological questions wiU, of 
course, assume such an extreme position. If the forest economises rain- 
fall, stores it up for a long time, and even to a certain extent increases 
precipitation, many parts of our earth arc nevertheless too dry to support 
trees, forest vegetation requiring much water. On the other hand, thin 
forests and such as consist of trees the leaf surface of which is of a waxy 
character, which diminishes evaporation, are certainly able to survive in 
drier climates than denser forests consisting of trees which evaporate 
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more freely ; but the former have less effect in moderating heat and drought 
than the latter. On the other hand, the widespread opinion that no forests 
can exist where none existed at the time of the i^pearanoe of civilised man 
is open to doubt. The success of forest culture in the Steppes of Southern 
Russia, the Prairies of North America, and the Pampas of South America, 
sufficiently prove the untenability of this opinion. If afforestation has not 
hitherto assumed large dimensions, it has been rather as a matter of economy 
than of climate. 

Other growths, such as com, or the use of the land for pasture, &c. have 
been more remunerative to private individuals — ^human life being of but short 
duration as compared with that of trees. 

If there be only a certain amount of rain£all, no matter at what time of the 
year it occurs, forests can flourish. Even long periods of drought are much 
less injurious to forests than they are to meadows and fields ; and the impossi- 
bility of forest culture in a country is not due to the occurrence of rainless 
periods, provided that copious precipitation £eJ1s at other times. 



DISCUSSION. 
Mr. W. B. Tripp exhibited a coloured map of South Africa, showing the mean 
annual rainfall, based upon the figures published in the Reportt of (he CapeMBUoro- 
logical Commisnon, He said that South Africa may be described as a Table 
land, approached on all sides from the coast, by successive terraces of hills. The 
Rainfall varied from about 2 ins. at the north-west boundary to some 50 or 60 ins. 
on Table Mountain, the Katberg, and other mountainous regions ; the mean was 
greatest on the east coast, to the north-west it rose in Natal to over 40 ins. 
Local hills and forests modify the total fall very considerably over small areas. 
The total annual fall was, however, for the most part fairly distributed throughout 
the year: that at King William's Town, in the Eastern 1^-ovince, where Mr. Tripp 
and others have kept meteorological records for some years, presenting the follow- 
ing characteristics. The extremes during the fifteen years succeeding 1868 were 
15 ins. and 37 ins., and the average 26 ins. Of the average, about 9^ ins. fell 
during the summer from January to March, and nearly 8 ins. in the sprmg from 
October to December, and about 4^ ins. each in the autumn and winter. Durins 
a total of 283 days on which rain fell, from June 1880 to March 1883, as observed 
by Mr. Tripp, 70 ins. of rain were registered at the Botanical Gardens. Of this, 
30*25 ins., taken on 242 days, were made up of falls of under 0*50 in. in twenty- 
four hours, 19'88 ins., on twenty-eight days, of from 0*50 in. to 1*0 in., and 19"S7 
ins., on thirteen days, of falls of 1 in. and over. On only one occasion did the 
fall reach 2 ins. in twenty-four hours ; although there are on record falls 
greatly exceeding this amount, such are, however, rare. The annual distribu- 
tion, of course, varies from the above results in otner parts of the colony. The 
greater part of tlie country may now, in spite of some fragments of the 
original forests which still remain, be said to be practically devoid of trees. 
Mr. Tripp was of opinion that drought is not by any means the chief cause of this 
denudation, wholesale tree felling, without proper regulation, being a much more 
destructive agency. Nor is drought the only obstacle to re-afforestine, for in 
some parts the soil is too saline to permit of much successful tree planting ; 
occasionally, however, it has been found practicable, after much perseverance, 
in such places to grow some species by penetrating through a saline surface soil 
to a deeper and purer stratum. Still there are many parts now denuded wliere 
there is good evidence to show that trees once were plentiful. The Cape Govern- 
ment has of late years made considerable efforts to preserve those portions of 
the forests which remain, as well as to re-afforest those parts which have been 
denuded of trees, and also to plant trees where their influence might be beneficial 
on various accounts. The Superintendent of Forests has given his opinion that by 
clothing tiie sides of the hills with trees, more especially from the Koni^berg to 
Compass Berg at the south, a very beneficial effect would be exercised on 
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the more inland regions known as the Karroo, and other portions of the countr}% 
where the temperature is high, the rainfall low, and evaporation is very great ; 
but where water only is needed to render the desert fertile. But whether or not 
tliere is any doubt as to the effect of forests to produce rainfall, there must be 
less, Mr. Tripp thinks, as to their beneficial effects, in most cases, in regulating 
the flow off the ground of the rain after it has fallen. He said ^^ most cases,'* 
because it is well known that in certain cases the water of small streams has 
been completely absorbed by planting near them fast growing trees. In most 
countries there is a sufficient rainfall for practical purposes, if the water could 
only be stored. In such cases as that of South Africa, however, the great mis- 
fortune is, that after rain a torrent may flow off the ground for a short time, 
while the ground soon returns to its parched condition, and the watercourses are 
left dry. It must be allowed, he thinks, that the hills are the great rain producers; 
but while we are perforce obliged to take the hills as we find them, we can, by 
clothing their sides with forests, convert them into a series of sponges or storage 
reservoirs absorbing the rain, and allowing it gradually to flow off, and from such 
districts perennial streams flow, instead of the intermittent torrents, dry for several 
months in the year, which we often meet with. He thought the Society was 
indebted to the author and the translator of this paper for much interesting and 
valuable matter put into a convenient shape. Forestry has attracted, until 
recently, comparatively little attention in England, this result being in his opinion 
due to the moist and equable character of the climate. But the subject is of 
extreme importance, when considered with relation to South Africa or other dry 
and comparatively desert portions of the globe. And this is quite irrespective of 
the value of the timber as a marketable commodity, which is very great, although 
in the case of new forests time is an important though vexatious element in the 
consideration of all parts of tlie subject. 

Mr. Laughton asked whether any observations had ever been made which 
distinctly prove the very common statement that forests exert a direct influence on 
rainfall. The only observations on this point to which Dr.,Woeikof referred could 
not be accepted as either satisfactory or conclusive. The stations were eleven miles 
apart, and it was impossible to say that the difference in the amount of rainfall 
registered at these two places was not due to some local causes, rather than to 
the presence of a forest at the one place and its absence at the other. Of the 
climatic influence of forests he thought there was no doubt, and he fully agreed 
with Mr. Tripp's remark as to the enormous importance of woodland in regulating 
the water supply of the district. 

Mr. Symons said that, like Mr. Laughton, he had been unable to find any reliable 
statistical evidence in support of the general belief as to the influence of forests 
on rainfall. There was an exceedingly readable and interesting book written by the 
Hon. G. P. Marsh' on this subject, but no statistics of any importance were given. 
I>r. Ebermayer had also given a considerable amount of statistics in his booK, but 
the observations covered a very short period, and the situation of the stations was, 
in his opinion, not unexceptionable. The strongest case he knew of in support 
of the statement that the growth of forests increased the rainfall, was that of the 
island of Ascension. The authorities there applied to Kew for some plants, as 
they wished the place to present a more attractive appearance. The plants were 
sent and planted, and the growth has gradually increased with the result, that the 
rainfall has been apprecii^ly augmented. In the case of the Suez Canal, too, the 
old records show a small amount of rainfall for this district before the Canal 
was made ; but since the Canal has been cut, and especially near IsmaiHa, which 
was well planted with trees, the rainfall has been materially increased. Definite 
information in the form of reliable observations is very much wanted. 

Capt ToYNBEE suggested that it was possible that the trees in a forest checked 
the speed of the wind, and so the air becoming calmer had probably an increased 
tendency to rise, which would cause rain to fall more freely. 

Mr. Gahble remarked that he had prepared thirteen rainfall maps for South 
Africa, one for each month, and one for the year, for exhibition in the Indian 
and Colonial Exhibition of 1886. 

Mr. Baldwin Latham said that the Paper, although interesting, did not carry 

1 71« Mmrth m ModMffl bw Uwmtm dtthn, A new edition of Man and Nature, hj George P. Marsli. 
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the subject any further than Mr. Marsh's book. For some time he (Mr. Latham) 
had been making observations upon the temperature of trees, the temperature 
being ascertained at different times of the day by means of a thermometer in- 
serted in a hole bored in the trunks of the trees, and so far he had obtained son^e 
interesting results. It was well known that cold in summer and warmth in 
winter had a tendency to increase rainfall. The influence of trees was certainly 
to lower the temperature of the air in the summer, and to increase it in winter ; 
and so, although trees were not producers of rain, they certainly had a material 
influence in increasing rain when the conditions for its fall were favourable. 
He was also of opinion that trees influenced rainfall by reason of adding to the 
elevation of the ground, as any increase of elevation at ordinary altitudes had a 
material influence upon the quantity of rain falling. 

Mr. IjECKY remarked that forests allowed facilities for the transmission of 
electricity, and possibly clouds were attracted to the forests by this means. 

The President (Mr. Scott) said that Dr. Ebermayer's book only contained 
observations for a limited period. He thought that the idea of the mfluence of 
forests upon rainfall was to a great extent based upon some statements made by 
Dove respecting the drying up of wells and springs near squatters* settlements. 
These were usually in forests which were gradually cleared. So far as he was 
aware no precise numerical values existed by which the tmth of the belief could 
be tested. 



Buckinghamshire J. Maihison. 



Report on the Phenolooical Observations for 1886. By the Rev. 
Thomas Arthur Preston, M.A., F.R.Met.Soc. 

[Bead December 16th, 1885.] 

There has been rather more difficulty than nsnal in collating the Retoms 
sent in daring the past year, as some observers have not been sufficiently 
definite in their dates ; consequently, the number which have been omitted 
(there being no confirmatory specimens) has been rather larger than usual. 
Still, those which have been retained form a very good series from which 
general results may be obtained. 

The following is the list of observers : — 
Addington 
Babbaoombe 
Bilbrough, York 
Booking 
Buildwas 
Oardington 
Carlisle 
Croxley 
Croydon 
Detling 
Exeter 
Geldeston 
Guernsey 

Hampson, Lancaster 
Harpenden 
Penlej'-on-Tbames 



Devon 

Yorkshire 

Essex 

Shropshire 

Bedfordshire 

Cumberland 

Herts. 

Surrey 

Kent 

Devon 

Norfolk 

Channel Islands 

Lancashire 

Herts. 

Oxfordshire 



E. E. Glyde. 
J. P. Metcalfe. 
H. S. Tabor. 
Rev. H. L. Graham. 
J. McLaren. 
W. R. Thumam. 

F. G. Lloyd. 
W. F. Miller. 
R. Cooke. 

Rev. W. M. H. Miber. 
Miss S. S. Dowson. 
Miss M. Dawber. 
The Misses Johnson. 
J. J. WiUis. 
C. U. Tripp, M.A, 
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B. T. Andrews. 
Miss A. Hellish. 

The Ven. Archdeacon Wynne, M.A, 
J. Dale. 
Mrs. Green. 
Rev. T. A. Preston, M.A. 

9 H. N. Dixon. 

( Miss Hester Coles, and 
(Miss E. Francklyn. 

F. A. Bellamy. 
Miss S. Hornby. 
W. Hussey. 
Miss Simpson. 
Bev. C. H. Griffith. 
Miss E. Barrow. 
Miss K. Evans. 
Miss M. E. GiU. 
Mrs. Gregory. 

G. S. Sannders. 

C. Mostyn. 

Lieut. B. B. Croft. 

J. Hopkinson. 

S. A. Saunder. 

The Misses Livett. 

Mrs. Gregory. 

H. A. Evans. 

H. N. Dixon. 

The Misses Wynne. 

rMiss A. G. Shaw, and 
(Miss H. E. Haghes D'Aeth. 

The year has been a singularly dry one, and hence has acted in snch a 
manner on vegetation, that, although the winter was mild, plants were very 
late in flowering, and lasted but a very short time. The bloom was often 
profuse, and as bees and other insects could visit them, the crop of fruit was 
unusually great ; the apples, for instance, being often spoilt in quality from 
the enormous number on the trees ; whilst in the case of wild fruits, as hips 
and haws, the brilliant colour of the bushes when in fruit was quite as beauti- 
ful as it was when in bloom. 

But at the same time, the drought acted very prejudicially, especially to root 
crops and bush fruit, as well as strawberries. In the case of the root crops, 
the seed had great difficulty in germinating, and the weak plants were at once 
overpowered by insect pests, so that the crops of turnips were generally com- 
plete failures. In the case of bush fruits, the insect pests also did much 
damage, and in that of strawberries, the drought prevented the fruit from 
swelling. 

The com did not suffer to any great extent ; the dry season allowed the 
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land to be well prepared, and although the straw was often short, the yield 
was not nnsatisfactorj. Considering the variable seasons experienced in 
England, and the diffionlty, therefore, in getting any com to ripen in some 
years, it seems desirable to consider the yield of straw, rather than of com, 
in estimating the valae of a crop. Straw is required for the cattle, and is 
therefore an absolute necessity for the farmer ; but in all returns yet furnished 
grain alone seems to have been considered, thus decidedly omitting a veiy 
important item in the value of a crop. 

As regards the lateness of the flowering of plants — at Marlborough, com- 
pared with the average of the previous twenty years, they were four days late 
in January, six in February, five in March, seven in April, nine in May, 
seven in June, and ten in July. In fact, vegetation has been backward the 
whole year. Table I. (p. 42), giving the average dates for the different 
districts of England, fully bears out the above results obtained for Marl- 
borough. 



Botany. 

October 1884 was a cold and dry month, though at Tiverton it was 
" extremely mild ; '* the second week was very cold, small quantities of snow 
or hail falling in many places on the 10th, whilst the third week was remark- 
ably fine and warm. 

The autumn tints were singularly beautiful, more so even than last year. 
Limes and Horse-Chestnuts were nearly defoliated in exposed situations by 
the middle of the month, but in sheltered spots they were still beautiful on 
the 81st. At this time the Beech was in its richest beauty at SaUsbury, 
many Elms were yellow, whilst some wore scarcely touched, so that the 
country presented a magnificent sight. The Jerusalem Artichoke, which 
does not often flower in England, was in full bloom at Wickham ; it also 
flowered in many places in Wiltshire, but the flowers were small. The Ivy 
was out in many places in September, but not till October 2nd at Trowbridge, 
and the 17th at Tiverton. The male catkins of the Hazel were appearing in 
great abundance generally, the Dogwood flowered for the second time at 
Trowbridge on the 18th, and the Laurustinus on the 20th in Guernsey, where 
also the Violet began to flower. 

Wild flowers were plentiful at the end of the month ; at Northampton 150 
species were found, far more than usual. Bipe Strawberries were picked 
during the third week at Northampton and elsewhere, and the Pyrus Japonica 
ripened its fruit in Wiltshire ; the Privet berries were ripe on the 11th at 
Salisbury, and those of the Spindle on the 17th at Trowbridge. 

The frosts, of which there were a few, did no great damage. The very 
tender plants, as Dahlias, were nipped and the foliage destroyed, but flowers 
could be gathered from them for some time afterwards. 

Swallows departed generally between the 14th and 18th. 

The long-continued drought was unfavourable for sowing, and the wellQ 
were getting dry. 
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NoTomber was a remarkably dry and doll month, with very little son or 
fog, and colder than nsoal after the first week. Defoliation progressed slowly 
and steadily though in Scotland ** the trees were bare onnsually early,** many 
being leafless in the third week in October. By the middle of the month 
very many trees were leafless, Oaks and Beeches generally holding on to the 
end, by which time very few leaves were to be seen. It was difficult, how- 
ever, to say when defoliation was really completed, for though the trees 
were generally bare, it would still have been possible to find fresh green leaves 
on almost every kind of tree tiU nearly the end of the month. Wild flowers 
passed away in greater numbers than usual, owing to the drought, and the 
returns show a great falling off from those of the two previous years. Seventy- 
four species were found at Northampton, seventy-eight in Guernsey, only 
twenty-four at Geldeston, and twenty-six at Tiverton, where Violets ** were 
plentiful all the month.'* 

December was dull and damp for the first three weeks, but very dull and 
cold during the last one ; the first half of the month was warm, but stormy 
on the 18th, 19th and 20th. In spite of the mild weather vegetation was 
singularly dormant, and wild flowers consequently few in number; the 
autumn flowers had been killed by the drought and the spring ones retarded ; 
only forty-three were found in Guernsey, forty at Tiverton, and twenty-one 
at Geldeston. At Cardiff the Dog*s Mercury flowered on the 21st ; at Trow- 
bridge the Mistletoe was ** well berried and plentiful '* on the 22nd ; and in 
Guernsey the Fragrant Coltsfoot (Petasites Jragrans) flowered on the 12th, 
With these exceptions the returns are meagre. 

January 1885 was a very cold, dull and dry month, till just toward the 
end, when it was wet, and there was an unusual preponderance of Easterly or 
North-easterly winds. At Harpendon '< vegetation was kept healthily back 
by seasonable weather." At Oxford it was a ** very gloomy month," while 
at Wells it was remarkable for its evenness of temperature. This may 
account for the very scanty floral notices ; vegetation appears to have been 
universally late. As far as the returns show the North of England was more 
forward than the South, the dates from Sussex and Herts being singularly late. 

At Marlborough, up to the 27th, there were only thirteen day-degrees of 
temperature above 42^, and no less than 207 below ; during the last five 
days there were twenty-five day-degrees above 42^, and none below. Vegeta- 
tion was about four days later than the average of the previous twenty years. 

February was warm (except during the third week), rather dull, and very 
wet ; at Marlborough there were eighty-eight day -degrees above 42°, and only 
seventy-five below. At Harpenden the soil was wet and saturated, but more 
from want of sun and wind than from excess of rain. At Babbacombe alone 
does vegetation seem to have been forward ; elsewhere, judging from the 
scantiness of the returns, it seems to have come to a standstill. It was cer- 
tainly remarkable how slowly plants came into flower ; a specimen would open, 
and then a long interval would occur before another flower would appear : 
this has probably been the cause why the returns vary as they do. Observers 
may have been puzzled when to put down a plant as properly flowering. 
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TABLE I. — Atebaob Datx (Day of Yeab) of First Flowbbiko in each Gboup, i 885 

— continued. 



Name of Plant. 



S 
^ 



s 



'^ 07J 







CO 



Spiraa Ulmaria 

Centaubea mioba 

Liguatrttm vulgare 

I*nmella vulgarU 

Vieia Craeea 

Galium verum 

Carduus arventis 

Hypericum tetrapterum . . 
Hypericum puUhrum . . . . 
Epilobium hirsutum . . . , 

Scabiota tueeisa 

Carduus Itmceolattu 

Campanula botundifoua 
gonyolyulus sepiuk . • . , 

GaleopsiM Tetrahit 

Angelica eylvettris 

JHptacug syheetrit 

ArtemUia vulgaris 

Sonehus arvensis 

Mentha aqwUiea 

Hkdkba Helix 



170 
177 
178 
166 

174 
184 

183 

199 

180 

197 

105 

189 

(204) 

199 

202 

210 

205 

214 

199 

218 

263 



O OB 



»75 
176 

177 

169 

170 

181 

183 

184 

189 

190 
187 
182 
198 
186 
211 
203 
209 
196 
208 
260 



2 o 

m 0) 



175 
179 

174 
166 

172 

180 

184 

(200) 

• • • 

194 

• • • 

197 

195 

193 
198 

208 

210 
210 

199 
214 






172 
164 

174 

^77 

^7S 

(159) 
180 

187 

175 
190 

• • • 

173 
190 
193 
191 
213 
213 
214 
189 
213 

257 



on c 



180 
184 

183 
183 
178 

181 

183 

193 

196 

198 
194 
200 

• •• 

219 

196 
184 

••* 
253 



0*0 



183 

191 

178 

180 
179 
193 
193 



205 

• • • 

199 
19s 

196 

221 
222 

• •• 

("3) 

223 

273 






180 

167 
163 

171 

174 
179 

• • • 

208 
198 

201 

• • • 

188 

• • • 

207 



206 

• • • 

234 
277 



S 

O 



198 
163 

• • • 

166 
160 

• • • 

207 

174 
185 

• • • 

176 

• • • 

181 



208 
221 
197 

*I7 
I 266 



(Some nnfortnnately have only pnt down when the different species were 
" fairly in flower/' and others only *' in bloom/' thus rendering their returns 
far less nsefol than they might have been.) 

At Marlborough vegetation was about six days late. The Yew was early, 
but this may be accounted for by the fact that its flowers have been so 
frequently killed in former years, just as they were opening, that many dates 
were missed. 

March was very cold and dry, with East winds, and every thing was checked. 
At Marlborough there were only sixty-eight day-degrees above 42°, and no less 
than 178 below ; and the reports are therefore very meagre from that as well 
as all other stations. At Babbacombe and Oxford vegetation was coming on 
well till about the middle of the month, but then complaints are made. 
"Flowers more backward than I ever knew" (Trowbridge); "Nearly a 
month backwarder than last year " (Bocking) ; such is the style of the 
reports from all places. At Marlborough vegetation was five days late. Only 
three plants flowered earlier than usual, and they were all trees or shrubs, the 
Elm (six days), the Larch (seven), and the Scarlet Currant (two days) ; but the 
same remark applies to them as was made last month, viz. that they were 
very slow in coming into flower, and though a few flowers were open at the 
times observed, it was some time ere the plants were in moderate bloom ; 
certainly in the case of the Scarlet Currant it was at least a fortnight before 
a single raceme was fairly open. " Seldom has Spring Com been got in 
nnder such favourable conditions as in the present year " (Harpenden). 

At Harpenden the fine sunny days were robbed of their stimulating effect 
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on vegelatioii b; leaBon of the low n^ht temperature. Most wild flowers 
were several dajB later in blooming than last year. The Swallow was eleveQ 
days late and the large White Butterfly fifteen days. 

The cold nngeaial weather lasted through the first half of April ; but about 
the 17th a wonderful change took pkce, apparently all over England, and the 
country, which up to this time looked very wintry, was changed in appear- 
ance in eren two days. At Uarlborongb, for the first sixteen days there 
wore twenty-niae day-degrees above 42°, and eighty-seven below, whereas 
during the last fourteen days there were 160 above 42° and only six below. 
As instances of the backward vegetation up to the 17th, it may be stated that 
at Detling " some growers coneider fruit blossom to be from two to three 
weeks later than last year"; and at Northampton fiaiiunciifuj Z-'tcana began to 
flower in Jonoacy, but not a dozen blossoms were seen In one district, which was 
covered with them on April 22nd, This last instance gives as good as ides 
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as possible of the very slow progress of vegetation up to the middle of April, 
and is certainly not a solitary instance. By the end of the month the Horse- 
Ghestnnt was green generally, and at Tacolneston and a few other places was 
just in flower; the hedges were green, and the Sycamore, Elm, Beech and 
Apple in leaf in many places. At Harpenden ** rarely have the stone-fraitcd 
trees presented a more beantifnl appearance than this year, many being liter- 
ally breaking down with blossom." 

With the exception of the last few days, May was a very doll cold month, 
almost the coldest on record ; snow fell at intervals daring the first ten days, 
and the third week was very wet ; the reports therefore are almost universally 
in the same strain; '* Season backward," ** a cold backward month," "no 
progress," " vegetation very slow," are some of the remarks about the month. 
Towards the end the reports are mnch more favourable, and the bloom is 
generally reported as " profuse " ; the flowering trees and shrubs were 
magnificent as long as they lasted in flower, but the bloom very soon passed 
away, leaving a large amount of seed. At Oxford '* flowers were not brilliant 
or plentiful," whilst at Tiverton the report is " most productive," and at 
Croydon '* flowers were in greater profusion than ever." The Hawthorn was 
magnificent where in bloom, but in many places it was still only coming out, 
and at Marlborough the first flower was not found till the 28th. The bloom 
of the orchard and other fruit trees and shrubs is generally described as 
** profuse," and by the end of the month trees were mostly in full leaf. 

At Harpenden " vegetation was kept so much in check that at the beginning 
of June it had seldom been observed so backward." 

Insect life was ** conspicuous by its absence " till the warm weather set in, 
but it then became most abundant, and " fly " began to appear in greater 
numbers than was desirable. 

The early part of June was warm, but a change came about the second 
week of June, and the weather became rather cooler than the average ; the 
month might be described as " fine," but it may with equal justice be also 
said to have been changeable ; the days were sunny, and a drought began 
early in the month, which lasted for many weeks in the South of England, 
and caused much inconvenience. Boot crops failed generally ; in the few 
instances where the plants were able to sprout they were soon ruined by the 
'* fly," or were dried up by the hot sun ; but in other respects the dry 
weather was very advantageous for agriculture. The grass soon began to 
ripen, but a few showers in the middle of the month made a great change ; 
the plants became very thick below, and the Hay crop was unusually good 
and heavy, and has seldom been secured in such fine condition. Haymaking 
began during the first week of June in Guernsey, but generally on the 10th 
in England, and as late as the 27th at Northampton. The Wheat began to 
flower on the 9th at Harpenden, on the 18th at Salisbury, but a week 
later at Marlborough, and between these dates elsewhere ; the fruit was well 
set, and though short in the stalk, promised a plentiful harvest. At Har- 
penden " the great extremes of temperature were very hurtful to vegetation, 
and notwithstanding the immense quantity of bloom on the fruit trees, the 
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crop in many places ia vary scanty indeed." " No serions deficiency ia re- 
ported in the Wheat crop, bnt heavy well packed ears are the exception 
rather than the rale; at the end of Jnno the crop was a week and possibly 
ten days behind an average season. Barley looking well, and Oats promise 
an exceedingly large yield on good laud." 

As regards garden produce, the dry weather acted very injurioiiBly, 

Strawberries were plentiful for a short time, bat tlte fruit was small and dry, 

. and in some places the plants were completely dried up ; large qnantities of 
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lit dropped from the trees and bushes, and QooBeberries alone aeem to 
vfl been an average crop ; blight increased enormously, and the " Green 
J " or Aphis, flew about in swarme, covering CTery thing and making a walk 
pleasant ; vegetables, therefore, if not destroyed by the drought, were spoilt 
the insects. Peas and beans were rained, and the few tbat were gathered 
re hard and dry, unless the plants had been kept well watered ; but before 
a end of July water was becoming very scarce. 
"Honey Dew " was exceedingly plentiful, especially on the Limes ; honey. 
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which had been vcr}' abundant earlier in the year, became scarce : " the cold 
of May and the variable temperature of June interrupted the working of the 
bees and the consequent stor^e of honey.** 

August was a hot and dry month, the flowers lasted but a short time ; 
insect pests were still very abundant, and the grass was generally quite 
burnt up ; the leaves also began to fall, especially from the Limes. At 
Bristol there was " a marked scarcity of all Butterflies and Wasps,** and at 
Detling << Wasps, which were common in the early part of the summer, 
became very scarce." However, the dry weather was very favourable for 
harvest work, and large quantities of com were secured before the wet 
weather came in, just towards the end of the month. 

September was very unsettled, and harvest was much interrupted. At 
Tiverton the hedges were almost bare by the 8th. Two frosty nights at the 
end of the month appeared to have done but little damage in some places, but 
in the South of England they cut down tender plants. The crop of nuts was 
unprecedented, and all sorts of common berries were very plentiful. The 
autumn tints were coming on, but did not promise to be as fine as usual. In 
Guernsey, a gale on the 10th damaged the trees and divested them of much 
of their foliage, Sycamore, Chestnut, Lime, and Hawthorn, being almost bare 
by the end of the month. 



Entomology. 

The Entomological notices are still unsatisfactory, and do not furnish any 
reliable results. The diflerence between the earliest and latest dates varies 
from twenty- three days in the case of the Brimstone Butterfly, to as much as 
108 days in that of the Wasp ; but in that of many others the dates vary 
from ten to twelve weeks, which is clearly unsatisfactory. 

A general absence of Butterflies has been noticed in some places. 
Certainly in the South of England the White Butterflies were most abun- 
dant at one time, but the autumn Butterflies were not so plentiful as usual. 



Ornithology. 

Song. — Compared with the average dates of the previous ten years, the 
Song-thrush, Skylark, and Chaffinch, were each eight days later than usual; 
the Cackoo arrived at its average date, the Nightingale one day early, the 
Chifi'-chaff two days early, and the Willow- wren and Turtle-dove six days. 

The Nightingale was first heard at Croydon on April 4th, but not till the 
29th at Hertford, and the 80th at Salisbury and Sawbridgeworth. The 
Cuckoo was first heard at Wincanton (Buckhom Weston) on April 12th, but 
not till the 28th at Hertford, and May 8th at Wicklow. Its average date 
for the twenty-one years at Marlborough is April 28rd. 

Migration. — ^The Wheatear was six days later than the average, but in 
all other cases the arrival appears to have been earlier than usual ; the 
Swallow two days, the Flycatcher five days, and the Swift seven days. The 
House-martin was six days earher than the average of the five previous years, 
and the Corncrake two days. 
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The Swallow appeared first at Harpenden on March 81st, and at Salisbnr}', 
Tanbridge, and Bickmansworth on April 6th. It was not seen at Tnnbridge 
Wells tm April 28th, or in Ireland till the 29th. 

The Swift was noticed first at Carlisle on April 24th, but not at Tacol- 
neston till May 28rd. It was generally seen about the first week in May. 

Nesting. — The only two birds noticed are the Song- thrush and the 
Rook. Both began to build before their average date. The Book began to 
build on February 21st, 1884, and on February 22nd, 1885 ; the date for 
1883 was also February 22nd, but the dates of all previous years are from 
two to sixteen days later. 



I must again return my thanks to Mr. W. F. Miller for the great trouble 
he has taken in tabulating the notices as supplied by observers. I could 
not have done what I have had it not been for his assistance. 



Etudes sub les Cb^pusgules Bos^s. Par Prof, le A. Bico6, Premier Astro- 
nome h TObservatoire do Palermo. 

[Read December 16th, 1885.] 

VoTANT qu*il me faudra encore un certain temps avant que je puisse publier 
enti^rement mes Etudes sur les Crepuscules Boses, je me suis decide (trop 
tard peiit-etre) k envoyer k cette honorable Soci^t^ ces tableaux qui sont le 
resume de mes observations. 

Tableau I. (Observations faites a Palermo.) La partie (A) contient les 
observations des crepuscules ros^s du soir ; elle donne : — L'intensit^ de la 
lumi^re ros^e, lere et 2de, en supposant 10 I'intensit^ du maximum k Palermo 
(3 decembre 1883) ; ces nombres out 6te determines a posteriori d'aprSs 
la description des ph^nom^nes ; n indique que les nuages ont emp^ch^ 
Testimation de Tintensit^. 

La hauteur oh disparaissait le soleil a ^te d^termin^e en trouvant avec le 
chercheur du r^fracteur (cal^ a la d^clinaison du soleil) le point du coucher 
sur le contour de Thorizon visible ou sensible, et en mesurant la hauteur aveo 
le theodoHte. On a fait graphiquement la correction pour le rayon du soleil 
et la refraction. 

Les hauteurs oil disparaissaient les lumi^res ros^es ISre et 2de ont 6t6 
determin^es d'aprds le calcul de la distance zenithale du soleil au moment de 
ces disparitions et avec une construction graphique sur un dessin de la sil- 
houette des montagnes relev^ avec la Camera Lucida d'Amici. On a suppose 
ionjours que le sommet des lumi^res ros^es ^tait dans le vertical du soleil. 

Le commencement ou I'apparition do Tare brun sur I'horizon ouest, 
d^rivant de I'anneau de Bishop, est le moment oil cet anneau ou arc est 
dessin^ completement sur le ciel. 

Le commencement de la premiere lumi^re ros^e est le moment oil elle 
commenee k apparaitre en un esp^ce limits au sommet de Tare brun. 

|fSW SBIOBS.— 'YOL. X]I. p 
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La fin des lumieres ros^ Idre et 2de est le moment oi!i elles disparaissent 
k Thorizon yisible. 

La partie (B) da Tableau I. contient qaelqaes donn^es relatives k la lumidre 
verte, qui est la cooleor des beaux cr^puscules ordinaires k Palerme. Ges 
donn^es sont dispos^es en ordre correspondant a celui des donn^es pr^c^dantes 
pour les cr^puscules ros^s. 

La partie (0) contient les r^sultats de qnolques observations des cr^pus- 
cules ros^s du matin. Les donn^es y sont enregistr^es, non en ordre chrono- 
logique, mais en correspondance k celles du soir. Au 24 avril Ic soleil so ISve 
a la mer, et pourtant le sommet du disque solaire apparait de TObservatoire 
avec une depression de ii peu-pr^s 0°'8, c'est-^-dire hauteur = — 0°'8 ; 
mais a cause des brumes ordinaires du bas horizon, la lumiere ros^e n^est 
apparue qu'a la hauteur de 8°, c'est-^-dire au dessus du dit brouillard leger. 

Tableau 11. G'est la continuation de mes observations des cr^pusculcs, 
mais seulement avec Tindication de Tintensit^ ^valu^e pendant Tobservation. 
£n mai les observations out ^t^ faites k Palerme ; pour juin elles out ^t^ faites 
en voyage, en des lieux diflP^rents entre Turm et Modene ; de juillet jusqu'^ la 
fin de 1884 j*ai observe a Gastelvetro, au pied des Appennines, k peu-pr^s k 
15 kilometres au sud de Moddne. (J*ai attendu Ik la fin des quarantaines pour 
revenir en Sicile.) Les observations de 1885 out ^t^ faites k TObservatoire 
de Palerme. 

Tableau HI. contient Tintensite de Tare brun ou anneau de Bishop a 
Fhorizon ouest, estim^e a posteriori d'apres la description : on a indiqu6 
encore avec a les jours oh Tanneau de Bishop ^tait visible pendant le 
jour entre les nuages couvrant le soleil, avec la couleur caract^ristique rougo 
de Tanneau ; et avec A on a indique les jours oh le m^me anneau ^tait visiblo 
autour du soleil tout-k-fait libre de nuages. Quelques observations ont ete 
flutes au matin, et elles sont d^sign^es par m, U va sans dire que les lioux 
d'observation sont les memos que pour les observations des cr^pusculcs. 

Tableau lY. En comparant les intensites de Tare brun de Bishop avec 
les donn^es m^t^orologiques de 6h. du soir, depuis decembre 1888 a avril 1884, 
j'ai trouv^ que Thumidit^ relative 6tait plus grande aux jours oil Tare ^tait 

TABLE IV. 



1883^84. 


Humidity relative moyemie ik 6h. p.m. 


Des jours 

aveo con- 

ronnes 

fortes. 


Da mois. 


Des jours 

non 
coaverts. 


a— 6. 


a — c. 


6— c. 


a. 


b. 


c. 


Deoembre ... 

Janvier 

F6mer 

Matf . 



830 

88-5 

836 

77*3 
65*1 



756 

75*3 
803 

75*9 
64-4 



787 

810 

79'9 
76*1 

64-1 


- 




- 7'4 
-i3'2 

- 33 

- 1*4 

h 07 



+4-3 
+7-5 
"f37 

+1-2 
+I-0 


,0 
+3-1 

+57 
— 04 

+0'2 
-03 


Avril 




Ifojeane ... 


... 


... 


... 


+ i-2 


+3-5 


+'7 
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plus fort (intensity ^8). Le Tableau lY. fait voir cela, et que eela ne 
depend pas de ce que Tare ne se fit pas voir qa'anz jours sereins^ qui k 
Palermo sont un peu plus humides que les autres. 

J'ai envoy^ k cette Soci^t^ un premier r^sum^ des r^sultats de la discussion 
de mes observations de cr^pusoules, public dans les Rendiconti delta R. 
Accademia dei Linceif et j*enverrai bient6t un autre qui donne les r^ultats 
des oomparaisons des observations de cr^puscules ros^s avec les conditions 
met^rologiques. Ces deux r^sum^s pourront completer en quelque manidre 
les denudes que maintenant j'ai Thonneur de presenter. 



DISCUSSION. 

Mr. Whipple remarked that Prof. Riccd had come to the conclusion that the 
sunsets between December 3rd, 1883, and April 1884, were due to the hmnidity of 
the atmosphere ; and it was curious that Dr. van Rijckevorsel, formerly living at 
Par&, with whom he corresponded, had formed much the same opinion, as was 
shown by his letter which was read to the Meeting. 

Mr. Dyason said that he had from November 1883 to February 1884, the time 
named in Prof. Riccd's Paper, made a series of drawings and observations of 
coloured skies in the North-west of London, and, contrary to the Professor's con- 
clusions, his notes showed that the sunsets and the afterglows were invariably 
accompanied by a dry atmosphere. 

Mr. Stanley observed that Krakatoa had been in serious eruption in May 
1883, so that the sunsets seen at Par& previous to August might have been due to 
the May eruption. 

Mr. Whipple said he noticed that Prof. Riccd described the sunsets as beine 
green at Palermo ; he would like to know if any of the Fellows who had passed 
through the Mediterranean could explain this. 

Mr. Symons remarked that a great deal of real hard work had been done by 
the Royal Society's Krakatoa Committee, with a view to a thorough investigation 
of the whole phenomena, and it was impossible to accept such an off-hand 
opinion as that declared by Dr. van Rijckevorsel until evidence in support of it 
was brought forward. 

Mr. Stanley said that he had himself often seen the greenish tints of the 
sunsets in the Mediterranean. The air there had generally an intensely blue 
appearance, and towards sunset the sky assumed a vellowish tint near the 
horizon, as in this country, and the mixture appeared to him to produce the green 
observed. 

Prof. Riccd, who was not present, subsequently sent the following reply to the 
Discussion : — " I have not concluded that the rosy or red after-glow was due to the 
humidity of the atmosphere ; but that the brown arc (Bishop's ring partly visible at 
the horizon), when strong, was accompanied by greater humidity. The intensity 
of the brown arc does not vaiy according to the intensity of the rosy twilight, 
since in 1884 I observed on fifteen occasions that when the brown arc was very 
strong it was followed by slight rosy after-glows, and on four occasions, when 
the brown arc was very strong, it was not followed with rosy after-glows. From 
my comparisons of the intensity of the rosy after-glows with the meteorological 
observations at 6 p.m. I came to the conclusion that those after-glows were 
accompanied with high pressure and low temperature, but that no direct relation 
existed with humidity. The green of the ordinary after-glows in Palermo is the 
intermediary colour between the reddish and yellowish tints of the lower 
horizon and the blue sky above, precisely as Mr. Stanley remarked, when the sky 
is clear the green of the twilight is very strong and beautiful.* The rosy light 
is superposed to the green twilight more or less frequently. When the rosy 
light is not strong the green light is visible down or above the rosy light and after 
it." 

1 See Fiazsi Smith's description of grcea. twilight in Talenno^Attronomieat Oiservatiotii matte at tk€ 
Moyal Obtervtarjff Edinburgh^ Vol. AlY. 
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Thk Stobm of Octobeb 15th, 1885, at Pabtenkibchen, Bavabia. By 
Colonel Michael Foster Wabd, F.R.Met.Soc, F.B.A.S. (Plate 11.) 

[Bead December 16th, 1885.] 

The most destructive storm known since the winter of 1821-22 broke over 
this valley on Thursday, October 15th, 1885. The previous day had been 
fine and frosty, the copper coloured halo round the sun being more remark- 
able than on any previous occasion. The early morning of the 15th was 
cloudless, the halo, as on the preceding day, being very deep coloured. At 
5 a.m. and at 10 a.m. there was a loud rattling in the air overhead, sounding 
as if a heavy waggon were passing along a road. At 8 a.m. clouds began to 
form on the Wetterstein Range on the south side of the valley, and the tem- 
perature rose rapidly. At 9.80 a.m. the Fohn began to blow from South- 
south-west, accompanied by snow on the mountains and very dirty rain in 
the valley, leaving a deposit on the window panes of a reddish ochre colour. 
The entire northern sky from east to west was cloudless daring the whole 
time, and no rain fell four miles north of this. At 2 p.m. the wind increased in 
force, varying in direction from South-south-west to South-south-east ; and 
at 5 p.m. it broke in all its fury : the rain ceased, the sky cleared, and the 
wind increased in force till 7 p.m., and remained at its height till 8 p.m. 
when it moderated slightly, returning at short intervals in violent gusts till 
2*80 a.m. on the 16th, when a sudden dead calm ensued which continued all 
day. From 9 to 10 p.m. slight rain fell accompanied by brilliant lightning, 
without any audible thunder, stars shining through openings in the cloud. 
At 10 p.m. it was again cloudless. 

At 9.45 a.m. on the 16th the same rattling in the air was heard, and the 
deadness of the calm, the oppressiveness of the atmosphere, together with 
the intensity of the copper halo, and the general lurid appearance of the sky, 
led every one to dre^d a return of the gale. Fortunately, however, this was 
past ; the sky cleared to deep blue at 4 p.m., and a lovely sunset followed, in 
strange contrast with the wreck below. 

The amount of rain which fell daring the gale was 0*62 in., the water 
being perfectly muddy and yellowish red. 

The barometer had fallen slightly during the night, but was steady at 
27*47 ins. from 7 to 9 a.m. At 9 a.m. it fell to 27*42 ins., and oscillated 
rapidly between that and 27*54 ins. all day till 7 p.m., when it fell suddenly 
to 27*80 ins., rising immediately afterwards and continuing to do so steadily 
during the next two days. 

Temperature, which had been 87^ (the minimum) at 7 a.m., rose to 51° at 
9 a.m., and to 7(f at 9.80 a.m., where it remained till 5 p.m., when it fell to 
67^ on the cessation of the rain. There was a further fall during the night 
to 57^, the temperature rising to 69° at 9 a.m. on the 16th, which was the 
Tnaiimnm for that day. 

The general direction of the storm seems to have been from South-south- 
west, and so iiar as I can learn it was quite local, .the destruction haTin 
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commenced near Ellmaa, six miles soath-east, and the disturbance having 
spent its force about as far north-west, doing some damage near Ober- 
Ammergau. It would seem as if the genius of the Wetterstein had poured 
his wrath down the precipitous sides of the mountains on this devoted valley. 
From the lake of Stamberg, about twenty miles north, I learn that although 
warm for the time of year, and somewhat oppressive, the sky was cloudless 
and the mountains perfectly clear, showing no signs of such a storm as was 
raging amongst them. 

Plate n. is a rough map of the district showing by arrows the general 
course of the storm, and the direction in which trees were lying, or that in 
which roofs were carried from their positions. 

The damage caused by the storm is terrible. Being dark at the time I can 
only speak of our own experience during the height of the storm. The 
feeling with every one was, <<What will go next ? " One could see, in the 
moonlight, fragments of roofs of ch&lets flying in the air; — my garden was 
strewed with them, though the nearest ch&let was 100 yards o£f, — also with 
tiles from my own roof, which was almost bare. Shrubs were stripped of their 
leaves and nearly uprooted. My transit instrument pillar, composed of brick 
solidly cemented together, was prostrate; the roof of the offices and out- 
house was almost bare ; the drawing-room window was blown in ; the iron 
fastening was snapped off, and a door to an adjoining room was forced open, 
the lock being wrenched off — the same happening in the corresponding rooms 
above. In the adjoining house of a friend a bedroom window, frame and all, 
with part of the wall was blown in, and the flooring boards of an outlook on 
the top of the house (each board a good load for two men) were Ufted up, 
and some of them carried seventy yards away. 

At daylight a strange scene presented itself. The valley was filled with 
people searching for and collecting fragments of their ch41ets, or sitting on 
the roofs mending them. In the whole length of the valley hardly a hay 
hut had escaped without being unroofed, and many were carried away 
bodily. The Government Carving School, a large three-storied house, was 
stripped of its iron covered roof, which was carried in three huge fragments 
to a distance of 80, 150 and 800 yards respectively. One half of the wood- 
work was also lifted off and carried eighty yards before reaching the ground, 
and lay thirty yards to the right of the first heap of iron roof; a large beam, 
a foot in diameter, being hurled the same distance and standing upright 
deeply imbedded in the ground thirty yards to the left of the iron. 

Further on a private house, against the garden palings of which lay the 
third fragment of iron roof, had its upper storey wall under the roof blown 
in, the opposite wall being blown out ; while a large summer drawing-room 
with iron roof, built out on the south side of the house, was lifted bodily over 
the house, carrying away the chimney stacks in its progress, and deposited 
twenty yards off on the opposite side of the house. Another private house 
just beyond had its roof stripped off, and a summer-house in the garden was 
carried bodily, with its table and chairs, thirty yards into an adjoining field. 
There were many other like cases. 
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. In the two villages of Partcnkirchen and Garmisch hardly a honse escaped 
without severe damage. In the latter village hoth church spires were 
damaged. Befween the two villages, only one mile apart, I counted eighty- 
one prostrate trees, thirty-five of which formed part of the avenue on either 
side of the road. Perhaps, however, the violence of the storm is better shown 
by the state of the forests. In every hollow on the mountain sides, no 
matter what its aspect, the trees fell inwards. Vast spaces are entirely 
cleared. In one spot on the side of the Eckenberg fifteen large trees lay in 
a heap, their roots within a radius of twenty yards from where I stood. 
Further up, the valley becomes very narrow and steep, and though not a tree 
stands on the side facing the south, those on the opposite side are absolutely 
unhurt, though standing less than thirty yards from the roots of the fallen 
ones, whose heads in many cases lay between their stems. By far the worst 
fate, however, befell the Stangenwald, a wood clothing the precipitous side of 
the Wachsenstein, at the entrance to the Hollenthal. This faced my window, 
and on looking towards the place in the morning it was gone. It was about 
three miles long by one broad, and absolutely not a tree stands. It is estimated 
by the forester and those accustomed to the forests that 250,000 trees are 
prostrate in this wood alone. 

I visited the wood with a friend, an experienced mountaineer, our aim 
being to get to the Hollenthal to see if the bridge across the gorge had 
been carried away, as we meditated an ascent shortly in that direction. It 
is almost impossible to describe the scene, which must be seen to be realised. 
We made our way by the river at the foot of the wood to a path which leads 
across the face of the precipice into the Hollenthal. On the road there, in a 
pan of the wood not very dense, and where we could walk easily, we placed 
omselves back to back, with the object of counting the fallen trees within a 
radius of fifty yards. We counted sixty-three between us, snapped ofi* at ten 
feet above the ground, and as many more rooted up. This, however, was 
no;hing to what we afterwards saw. We crossed the face of the rock into 
tbi Hollenthal to find the path almost carried away by falling rocks at its 
fuither end, and the whole side of the valley facing the south a wreck of 
treBS and rocks — nothing standing, while the bridge was much damaged and 
dangerous. 

^terwards we tried to reach Ober-Grainau by the path which led through 
thi wood (an easy hour's walk). This it took us three hours to accomplish 
afbr very laborious work. It was only by going along a tree to its top 
anongst the cones and dropping to another lying in difierent direction that 
w( were able to proceed at all. Trees lay in every direction piled one upon 
another — some snapped off, others torn up by the roots having masses of 
ea*th attached six yards in diameter. Huge rocks were lying mixed up with 
the trees. At one place where I was able to see down through the mass I 
oainted thirteen trunks under the one on which I stood. We eventually 
e&cted our exit by dropping down into a gully or timber-shoot, and following 
tHs under the trees tiU we came to the open. 

I hear that the destruction is almost as great in the Wambergerwald near 
Blman, before referred to. 
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Tho forester at Ober-Grainau informs me that the destruction of the 
Stangenwald took place in a short half-hoar, from 7.80 p.m. 

The people at Hammersbach, at the foot of the wood, fled in terror to the 
open, and cried on their knees for mercy, believing that the end of the world 
was come.^ 

I saw but one squirrel and one deer in the whole wood. 

I have to-day read in tho Times of October 80th an account by Padre 
Denza, of Moncalieri, near Turin, of a meteoric sandstorm in Northern Italy 
on the 14th. It would seem, therefore, that our storm was not local, but 
was the expiring e£fort of the Italian storm, which reached the south side of 
the Alps on tho night of the 14th, reaching us on the morning of the 15th. 
This apparently accounts for the ** dirty rain.'* The storm reacheil the 
Stelvio, eighty miles south-west of this, at 4 a.m. of the 15th, beginning 
with hot wind, heavy rain, and lightning. M. F. Wabd, Nov, drd. 



Note added December 7th. 

Since forwarding my report of the storm, I have been over the greater part 
of the devastated district, and have made every possible inquiry ; and I fancy 
it must have been a local disturbance. I find from the Innthal and the 
Gurglthal, about thirty to forty miles south-west of this, that although they 
had heavy and destructive rain they had no wind — nor was there any to 
speak of at Mitten wald. 

Tho first traces of destruction are at the Fcrchensee, three miles from 
Mittenwald. The lake lies immediately under the eastern precipice of tho 
Wetterstein Ilange. On the side nearest the mountain every chilet is un- 
roofed, the roofs carried eastward on the opposite side of the lake, and tho 
trees lie in all directions. From that point to Ellmau every tree is down, nil 
lying in tho same direction, viz. uortb-west. On the hill north of Elboau 
and facing the valley to the Ferchcnsee there are three knolls witli not a tree 
standing. On tho West of Ellmau, between it and Graseck, in a wood of 
flne silver firs, masses of huge trees lie in every direction ; while others, with 



1 Since writing the foregoing a correBpondent writes to a Munich newspaper :— "The 
late storm has done an immense amount of mischief in the neighbourhood of Ellnau. 
Here it is almost impossible to pass. The whole of that beautiful expanse of wood, 
the Unter Hirnsohlag, and also a part of the Earlswaldung, was entirely destroyed— not 
a tree remained standing : trees two feet in diameter were torn asunder in the middle, 
half remaining standing, the rest being carried away to some distance. Strong trees 
which have stood several gales were torn up by the roots, the earth being forceil ap 
with them, leaving holes ten or eleven yards in diameter. In fact no words can 
describe the strength of the storm ; it must be seen to be comprehended at aU. The 
very lovely wood near Mittenwald was mown down like corn in harvest, trees Ijing 
one upon another, their stumps remaining six feet high as standing witnesses of the 
force of the storm. The Beschbergwald near Forchamt is also very much devasta»d. 
The Stangenwald neai Ober-Grainau is completely levelled, some 200,000 trees being 
destroyed. Under the huge mass of trees it is supposed great numbers of deer uid 
other game must be buried." 
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the exception of a small space entirely cleared, stend nnhurt, and from the 
opposite side of the ravine the wood seems almost untouched. (This wood 
and that hy the Ferchensee are the woods referred to in the communication 
to the Munich paper mentioned in my report.) 

From that point nothing is injured till you get to the valley, with the 
exoeption of a few trees on the various ridges. After passing Grainau the 
storm seems to have turned up a lateral valley of considerable elevation above 
the main valley, under the Friederspitz, where it levelled some trees, to the 
Graswang Thai, where it unroofed several houses in the village of Graswang, 
passed Ober-Ammergau (famed for its Passion Play) without doing any 
damage, and unroofed the house -of the priest in Unter-Ammergau, three 
miles further. Beyond that I can hear of no damage in any direction. 

Between Oberau and Ettal, on the well-known Ettal hill, ascending 700 
feet in about a mile, several trees are down — those above the road falling 
downwards, those below upwards. The ravine which the road traverses is 
very steep. 

The huge Stangenwald, with its large trees and in greater number, seoms 
alone in the greatness of its wreck. I spent two hours in it a short time since 
to witness the attempt to clear it. In one place, where the trees had been 
sawn off to clear the road, forty trees lay within a distance of twenty yai'ds, 
twenty-three lying one upon another in one place. 

At the base of the wood, at the foot of a steep grass slope of about 45^, and 
about 500 feet high, a small wood with ach&let seemed to have been crushed 
downwards perpendicularly. The tops of trees were still hanging on stumps 
thirty or forty feet high, while the chdlet roof was on the ground inside it, 
the walls being pressed outwards. 

It is calculated that in the entire district comprised in the accompanying 
map (Plate 11.) a million large trees are prostrate. 



DISCUSSION. 

Dr. Marcet drew attention to tlic great change of temperature from 31° at 7 
a.m. to 61° at 9 a.m., and 70° at 9.30 a.m., being a rise of 39° in a very sliort 
space of time. Such sudden changes must be connected with some extraordinary 
atmospheric phenomenon. 

The President (Mr. Scott) said he was very well acquainted with the district, 
and he proceeded to explain its peculiarities. 

Mr. Gaster said that he could not call to mind any month in whicli the 
movements of the various depressions which had appeared over Western Europe 
had been so changeable, and the alterations in their intensity so sudden 
and frequent, as in October 1885. Some depressions which, when tJiey first 
appeared, were large and important systems, grew shallower or dispersed before 
they had been with us more than a few hours ; others were formed within 
the limits of our daily observation, and before they passed outside of those limits 
had grown into important systems, the f idl force of which was felt over other 
parts of Europe. Some of the disturbance came over the British Isles from the 
West, others from the North-west ; one (wliich advanced from the North-east^ 
grew deeper as it travelled across the North Sea, but on reaching the Wash 
broke up very suddenly in a few hours. Tliese movements would be sliown 
in the map given as part of the Meteorological Office Monthly Weather Report 
for October 1886, which would shortly appear. Although the storm to which 
Col. Ward had drawn attention was very local, it was probably connected 
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with a much larger system, to the movements of which he (Mr. Gaster) would 
like to draw the attention of the Fellows. 

At 8 a.in. on October 14th pressure was high over Russia and Germany and 
also over the Atlantic, the two high pressure svstems being joined by what is now 
known as a " Col," which lav from East to West over France. To' the North of 
this Col (i.e. off our East Coast) lay the last named depression, but to the South 
of it tranquil weather was generally prevalent (so far as the Mediterranean wa« 
concerned), and in most places Northerly to Easterly winds were blowing, &nd 
temperature was low generally. The observations in Algeria, however, pointed 
to the existence of a depression further inland over North Africa ; at Biskra the 
wind was already blowing hard from North-north-west, while a falling barometer 
and gloomy wet weather showed that the disturbance was advancing Northward. 

The system over the North Sea (as already stated) now broke up, but that over 
Africa advanced Northward with rapidity. The BuUetino Meteorica of Rome, and 
the BuUetin International of Paris, for the morning of the 16th, agree in showing 
that at that time the depression was very large (covering nearly the whole of the 
Mediterranean), and that its centre lay a little to the westward of the Island of 
Corsica. Its gradients were much steeper on its North-east side than elsewhere, 
i,e, in exactly those portions which would subsequently pass over Bavaria and 
Baden. But the effect on temperature was striking, — for while over France, 
Spain and the Eastern parts of the Mediterranean the winds were more or less 
Northerly (North-east to North-west^, and the temperature remained low ^40° to 
50° E), those over Italy and the Adnatic were Southerly, and their force violent. 
Air coming with such rapidity, and straight away from Africa, brought with it the 
higli temperatures of the region whence it was drawn, and the result was that at 
8 a.m. on the 15th temperatures of 68® to 75° were prevailing over the more 
southern portions of the Adriatic and Italy, where on the previous day the ther- 
mometer was not higher than 50° to 59°. In the course of the day the depression 
broke into two portions ; one of these moved northwards and reached the neigh- 
bourhood of Strasbourg by 6 p.m., where it dispersed ; the second (and deeper) 
portion moved North-westwaras, and, travelling along the foot of the Pyrenees, 
passed away from our area of observation to the Atlantic. 

Here, then, was a svstemof wind circulation advancing rapidly from the region 
of the Sahara, travelling North, and bringin;:^ witii it exceedingly high tempera- 
tures, to the neighbourliood in whicii Col. Ward lived. It is only necessary to 
imagine tlie formation of a small local subsidiary disturbance near to him (and 
it has been seen that such phenomena were appearing; from time to time in other 
j)laces) to sec that the transference of that heated air and desert sand from 
the African Continent was a matter of e«asy accomplisiimcnt. What may have 
been tiie precise conditions which determined tlie formation of a squall of sucli 
exceptional violence, he (Mr. Gaster) could not say, but the sudden changes of 
temperature (for in Germany tumjicraturcs iiad biicn low on the 14th) and the 
presence of the desert dust seem to be fully accounted for by tlie facts here quoted. 

Mr. Gamble remarked that on October IGtIi the rainfall in the Inn Valley, 
where he was at that time, must have been very heavy, th;j river being in an 
unusually Hooded condition. 

Mr. Symons said that possibly the flood in the Inn Valley referred to by Mr. 
Gamble might have been the result of the melting of the snow on the mountains, 
due to the high temperature prevailing. 

Col. Ward, who was not present, subsequently sent the following reply to the 
Discussion : — " With reference to Mr. Gamble's remark, I have ascertained on 
good authority from Imst, which is situated at the junction of the Inn and Gurgl 
Thais, that the rain on the 15th October was very great, though entirely unac- 
companied by wind. Great quantities of mud and debris were brought down the 
lateral valleys, literally — in the case of tlie Gurgl Thai — covering the fields to a 
depth of one to two feet, thus destroying vegetation and swelling both the waters of 
the Gurgl and Inn to overflowing. I made no reference in my report to accidents 
or loss of life, not being then aware whether any had occurred, but there was not 
an accident of any sort in the whole district, which seems most providential, as the 
woods at that time of year are full of men, wood labour beginning on the let 
October. They would iust have left their work at the time the destruction of 
the woods began. In the two villages, again, each of whicli contains from 1,500 
SOD inhabitants, not an accident occurred either to those in the imroof cd 
9, or to the woodmen or other labourers returning to their several homes/' 
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PROCEEDINGS AT THE MEETINGS OF THE SOCIETY. 

November 18th, 1885. 

Ordinary Meeting. 

Robert H. Scott, M.A., F.R.S., President, in the Chair. 

Thomas Robert Hood Clunn, County Asylum, Prestwich, Manchester ; 

Richard Shepley Da vies, B.A., 5 Tenison Road, Cambridge ; 

H. Courtney Fox, M.R.C.8., Lordship Terrace, Stoke Newington ; 

William Edward Jackson, Erenkeny, Constantinople ; 

John Richardson, M.InstC.E., F.G.S., F.L.S., Methley Park, Leeds ; 

Abbott Lawrence Rotch, Blue Hill Observatory, Readville, Mass., U.S.A. ; 

and 
Charles Todd, C.M.G., F.R.A.S., The Observatory, Adelaide, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read, viz. : — 

"The Helm Wind op August 19th, 1885." By William Marriott, 
F.K.Met.Soc. (p. 1). 

« The Typhoon Origin op the Weather over the British Isles during 
THE Second Halp op October 1882." By Henry Harries, (p. 10). 

« Note on the Principle and Working op Jordan's Sunshine Recorder." 
By J. B. Jordan and F. Gaster, F.R.MetSoc. (p. 21). 



December IGth, 1885. 

Ordinary Meeting. 

Robert H. Scott, M.A., F.R.S., President, in the Chair. 

John Hartnup, F.R.A.S., Liverpool Observatory, Bidston, Birkenhead ; 
Arthur Waters Preston, Thorpe Hamlet, Norwich ; 
Richard Sheward, 13 Wilmington Square, Eastbourne ; and 
William Barton Worthington, B.Sc, M.InstCE., Upwood Mount, Chcct- 
ham Hill, Manchester, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read, viz. : — 

"The Inpluence op Forests upon Climate." By Dr. A. Woeikof, 
Hon.MemJ^MetSoc. (p. 26). 

" Report on the Phenological Observations for 1885." By the Rev. 
T. A. Preston, M.A., F.R.Met.Soc. (p. 38). 

" Etudes sur les Crepuscules roses." By Prop. A. Riccd. (p. 49). 

" The Storm op October 15th, 1885, at Partenkirchen, Bavaria." By 
Col. M. F. Ward, F.R,Met.Soc., F.R.A.S. (p. 55). 
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CORRESPONDENCE AND NOTES. 

A Meteorological Phenomenon. By Capt. T. Mackenzie, R.M.S. Afosellej 
Southampton. 

Leaving the port of Kingston, Jamaica, at dusk on November 23rd, 1885, tlie 
night was fine and star-lit overhead, but about 8 p.m. a heavy bank of cloud ob- 
scured the Island, and all around the upper edges of this cloud bank brilliant 
flashes of light were incessantly bursting forth, sometimes tinged with prismatic 
hues, while intermittently would shoot vertically upwards continuous darts of 
light displaying prismatic colours in which the complementary tints crimson and 
green, orange and blue predominated. Sometimes these darts of light were pro- 
jected but a short distance above the cloud bank, but at others they ascended to 
a considerable altitude, resembling rockets more than lightning. This state of 
matters continued until about 9.30 p.m., when all display of light ceased. As I 
have never seen such a phenomenon in any other part of the world, I have 
deemed it an unusual occurrence and worthy of record. 



RECENT PUBLICATIONS. 

Alpine Winteb in its Medioal Aspects : with Notes on Davos Platz, 
Wiesen, St. Moritz, and the Maloja. By A. Tugkeb Wkb, M.D., 
L.R.C.P., M.R.C.S. Second Edition. 8vo. 1886. vra. + 121 pp. 
and 8 Plates. 

The first edition of this book appeared under the title of Alpine Winter Cure. 
The intention of the author in the present volume is to exhibit the remarkable 
curative and health-giving properties of Alpine climate in their true light, avoiding 
exaggeration or an omission of those minor details termed ^'drawbacks,'* so 
necessary to be pourtrayed in the consideration of any foreign or home health 
resort. 

American Meteorological Journal. A Monthly Review of Meteorology, 
Medical Climatology and Geography. November and December 1885. 
Vol. II. Nos. 7 and 8. 8vo. 

The principal contents are : — The Solar Thermometer, by Wi Ferrel (3 pp.). — 
Determination of Air Temperature (Part 2), by H. A. Hazen (5 pp.). The 
author has made a comparison of temperatures in an open and in a Wild screen 
both ventilated and unventilated. He found (I) that in calm weather, the air in 
the morning has generally a higher temperature in sunshine than in the shade ; (2) 
that it is possible to obtain the temperature of any spot by the use of the black 
and bright bulb sling thermometers ; (3) that an open screen, allowing a free 
natural ventilation and shielding from rain by a slight projection on the inside 
of each louvre, is calculated to give the best results both of air temperature 
and humidity ; and (4) that the Wild screen gives too high results during the 
day hours, though entirely satisfactonr as to temperature at night. — On the 
Relations of Meteorology to Yellow Fever (Parts 2 and 3), by I. H. Stathem 
(13 pp.). — Notes on the Climate of Detroit, by M. W. Harrington (6 pp.). — The 
Arago-Davy Actinometer, by W. Ferrel (5 pp.). — The American Nile, by M. W. 
Harrington (5 pp.). 

Annual Report op the Board of Regents of the Smithsonian Institutiom 
for the year 1883. 8vo. 1885. xxxvni. + 959 pp. 

In the Appendix Cleveland Abbe gives an account of the progi-ess of Meteoro- 
logy during the years 1882 and 1883 (87 pp.), and also furnishes a list of 
pieteorological publications during that period. 
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Bulletin of the New Enolind Meteobolooioal Societt, Nob. 1-18, 
November 1884 — ^November 1886. 8vo. 

The New England Meteorological Society was formed in Boston, in June 1884, 
to promote the study of atmospheric phenomena in New England. It issues a 
monthly Bulletin, which contains a summary of the weather for the month and 
the results of observations made at 121 stations. 

Ciel et Tebbe. Revue populaibe d'Astbonomie, de M^t^obolooie, et de 
Physique du Globe. Deuxieme S^rie — Ire Ann^e, Nos. 17-20. 
November-Deeember 1885. 8vo. 



The meteorological articles are : — Les grands tunnels des Alpes et la chaleur 
du sol (3 pp.). — Quelques remarques sur les marges atmosph6riques, k I'occasion 
du flux solsticial signal^ par Baeyer, par F. Folic (4 pp.). 



JOUBNAL AND PbOOEEDINGS OF THE BoTAL SOOIETT OF NeW SoUTH WaLES FOB 

1884. Vol. XVm. 8vo. 1886. 

Contains : — On a new form of Actinometer, by H. C. Russell (2 pp.). This 
instrument records not only the hours when the sun shines, but also the intensity 
of that heat. — Water Supply in the interior of New South Wales, by W. E. 
Abbott (27 pp. and map). — ^A new self-registering Anemometer and Pluviometer 
for Sydney ObservAtory, by H. C. Russell (4 pp.). 

Meteobologisohb Zeitsohbitt. Heraosgegeben von der dentschen meteoro- 
logiscben Gesellscbaft. Bedigirt von Dr. W. Eoppen. November- 
December 1885. 4to. 

Contains : — Einige Bemerkungen zur Entwickelungs-G^eschichte der Ansichten 
uber den Ursprung des Fohn, von Dr. J. Hann (7 pp.). — Der braune Ring um 
die Sonne bei totalen Sonnenfinstemissen, von Dr. Zenker (7 pp.). — Zur Frage 
nach dem Ursprung der atmospharischen Elektricitat, von K. F. Jordan (Spp.).— 
Ueber die tagliche Periode der Gewitter in Mitteleuropa und einige damit im 
Zusammenhange stehende Erscheinungen, von Dr. G. ^^Ilmann (13 pp.). — Der 
vegetative Warmeverbrauch und sein Linfluss auf die Temperaturverhaltnisse der 
LiSt, von C. E. Ney (6 pp.). — Intensitatsmessungen des diffusen Tageslichtes, 
von Dr. L. Weber (4 pp.). 

MoNTooMEBTSHiBE COLLECTIONS. Yol. XYIII. Part 87. October 1885. 
8vo. 

Contains : — Rainfall, Temperature and Sunshine in Montgomeryshire, during 
ten years, ending 1884, by P. Wright (12 pp.). This is a summary of the 
author's observations at Mellington Uall, Churchstoke, for the ten years 1875-84. 

Obsbbvations made at THE Maonetigal and Meteobolooical Obsebvatoby 
AT Batavia. Published by order of the Government of Netherlands 
India, under the direction of Dr. J. P. Van deb Stok. Vol. VI. Part I. 
4to. 1885. 858 pp. 

This contains the hourly meteorological observations made during 1881 and 
1882, and the results for the seventeen years 1866 to 1882. The appendix con- 
tains papers on the following subjects: — The Influence of the Moon on the 
Cloadmess of the Sky (2 pp.). — On Ijunar Atmospheric Tide (6 pp.). — On the 
Relation between the Diurnal Range of the Barometer and the Diurnal Ranges of 
the Temperature of the Air and the Tension of the Atmospheric Vapour (5 pp.). 

Pboceedikos of the Rotal Societt. Vol. XXXIX. No. 289. 8vo. 1885. 

Contains an interesting paper entitled " The History of the Kew Observatory," 
by Robert H. Scott, F.R.S. (50 pp.) . 

Stmon8*s Monthly Meteobolooioal Magazine. Vol. XX. Nos. 288-289. 
November-December 1885. 8vo. 

In addition to the usual information, these Nos. contain the following articles : — 
The Rainband vindicated, by J.; R. Capron (8 pp. and 3 plates). The author 
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concludes that the fact is established that the little dark " bar** in the yellow of the 
spectrum can well hold its own in forecast with any other " bars, and that its 
character has been amply vindicated. — Meteorological Bibliography (2 pp.). 

Tbansaotions and Pboceedings of the Botal Societt of Victoria. Vol. 
XXI. 8vo. 1886. 

Contains: — Experience of the Barque W. E, Besse in the Java earthquake, 
August 1883, by G. H. Ridge (3 pp.). This vessel was on a voyage from 
Manila to Boston. During the time of the earthquake the shower of ashes was 
60 heavy that they covered the deck to a depth of five or six inches, and the 
darkness so intense that it was almost impossible to distinguish an object a few 
inches distant. The barometer fell an inch at once, suddenly rising and falling an 
inch at a time. — Notes on the Meteorology of the Australian Alps, by J. Stirling 
(23 pp.). 

TbANSACTIONB of the HsBTFOfiDSHIBE NaTUBAL HiSTOBT SoCIETT and FlEIiD 

Club. Vol. m. Parts 5-6. Jane and September 1885. 8?o. 

Contains: — Meteorological Observations taken at Wansford House, Watford, 
during the years 1883 and 1884, by J. Hopkinson (18 pp.). — Reports on the 
Phenological Phenomena observed in Hertiordshire during the years 1883 and 
1884, by J. Hopkinson (12 pp.). — Report on Insects observed in Hertfordshire 
during the year 1884, by F. W. Silvester (3 pp.). 

Zeitschbift deb osTEBBEiomscHEN Geseixschaft fub Meteoboi:.ooie, 
Bedigirt von Db. J. Hann. Band XX. November-December 1885« 
8vo. 

Contains: — Anemometrische Studien, von Dr. C. Weihrauch (10 pp.). The 
first part of the paper deids with the question of the calculation of anemometrical 
means when less than thirty-two directions are given. The author shows that when 
the wind is only given to eight points, yet if the velocity be accurately recorded 
very fair anemometricalresults are obtainable, but he still urges on meteorologists 
the adoption of a reduction to four components. In the second part of the paper 
he treats of the relation between the mean velocity obtained from the components 
and the mean of the velocities. — J. G. Gamble uber das Klima der Capcolonie 
(7 pp.). — Wie man aus der Richtung und Drehung der Winde die Aenderungen 
der Isobarentypen bestimmen kann, von Prof. P. Busin (5 pp.). The author 
deals with the question of the determination of the type of isobars from wind 
observations, and states that each change of one isobar type into another produces 
at each station the same shift of wind. He concludes by saying that he can 
solve the following problems : — (1) Given two daily observations of wind direction 
from a district, to determine in advance the type of isobars from day to day ; and 
(2) given the monthly statistics of wind ana its shifts, to determine the most 
frequent types of isobars. — Schirmthermometer in f reier Suspension, von Dr. J. 
Lorenz (3 pp.). This is a proposal which bears some resemblance to Prof. 
Frankland*s suggestion for tne observation of radiation. The idea is to fit to 
the thermometer a small fiat shield of white india rubber cloth to keep ofiE the 
sun's rays from the bulb and tube. If radiation from the ground is to be feared 
a frame covered with similar cloth is to be placed under the thermometer. The 
whole apparatus is to be placed in the open air shortly before each observation. 
Dr. Lorenz remarks that the heating of the screen cannot influence the thermo- 
meter readings. — Der saculare Verlauf der Witterung als Ursache der Gletscher- 
schwankungen in den Alpen, von C. Lang (15 PP-)- — ^^eber den Temperatunin- 
terschied zwischen Stadt und Land, von Dr. J. Hann (5 pp.^. — Ueber das Klima 
am Congo und an der SW-Kfiste von Africa uberhaupt, nach Dr. A. v. Danckel- 
man (9 pp.) — Die tagliche Periode der Richtung und Geschwindigkeit des 
Windes auf Berggipfeln, von R. Bill wilier (7 pp.). — H. Mohn : Klima von Nor- 
wegen (8 pp.). — Veranderlichkeit einiger meteorologischer Elemente von einem 
Tage zum anderen zu Budapest 1873-1882, von Hegyfoky (12 pp.). — Ueber die 
Vertheilung des Regens in Niederlandisch-Indien 1841-1883, von V Raulin 
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Cumjltouogy of ths Sba. — ^An Addbebs dbuvebed at the Annual General 
Mbstdio, Januabt 20th, 1880. By Bobbbt H. Scott, M.A., F.R.S., 
P^resident. 

On the former occasion on which I had the honour of addressing jon as yonr 
President, my suhjeet was the Climatology of the Glohe, and more especially 
of that part of it which is dry land. It may perhaps interest the Fellows this 
evening if I say a few words on the Climatology of the Sea. 

It is possibly within the recollection of a few who are present that nearly 
ten yean ago (May 17, 1870) I read a paper, Remarkt on the Present Condition 
of MariHme Meteorology , which was honoured by being printed in Vol. in. 
of the QuarUrly Journal. Now a considerable space of time has elapsed 
since thai paper was read, and as this period has been more or less prolific of 
investigationa relating to the meteorology of the sea, I propose to notice 
briefly the most important of these researches. 

In the first place, I find in that paper notices of certain investigations 
which were in 1876 openly contemplated, if not actually commenced ; and it is 
intoresting to note what has been heard of these in the succeeding nine years. 

On the part of the Meteorological Office, the discussion of the meteorology 
of the six Ten*Degree Ocean Squares lying about the south point of Airica 
had ai that time been commenced, and has since been published. This work 
presents some features of novelty, and I shall therefore presently return to its 
consideration. 

It was fi^tber announced that the Indian Government had applied for a 
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copy of all the observations existing in the Meteorological Office for the 
Indian Ocean north of the Equator, and that information has since been 
supplied to Mr. Blanford. 

In the way of international co-operation, the fact was mentioned that the 
Meteorological Institutes of Utrecht and Hamburg had undertaken to discuss 
tlie existing materials for the China Sea and for the Atlantic Ocean between 
20^^ and 60° N lat. respectively, the two offices undertaking to interchange 
their data. 

Of these investigations all that has hitherto seen the light has been the 
information for five ten-degree squares in the Atlantic, being those from 10^ 
to Q(P W and from 50° to 20° N ; the squares lying on the direct track from 
the Channel to the Equator. 

The German Office, however, has published an Atlas of the Atlantic Ocean ^ 
as illustrating its sailing directions {Segel-Handbueh) for that region. This 
work does not make any claim to represent exclusively original data, bnt 
like the Wind and Current Charts of our own Admiralty, it is a com- 
pilation from all available pubUcations of merit, supplemented by original 
material from the stores of the Seewarte. 

In 1876 Lieut. Brault had already commenced the issue of his Wind Charts, 
to the consideration of which I shall return again ; but I must here express 
the feelings of profound regret with which the announcement of his early 
death was lately received by all who knew him or his works. Lieut. Bratilt 
had contracted serious hepatic derangement during service in tropical waters, 
and even as early as at the Congress of Rome in 1879 was suffering gravely frt>m 
its effects. He still, however, struggled on manfully, and succeeded in publish- 
ing his Wind Charts for all the oceans before his death in August last. The 
French Academy awarded to him in 1881 a moiety of the " Prix extraor- 
dinaire destin^ k recompenser tout progrds de nature & accroitre reffleaeitd de 
nos forces navales.*' 

Our own work on the meteorology of the Cape of Good Hope most first be 
noticed. It presents some features of novelty as compared with previous 
pubHcations, inasmuch as in it the materials have been subjected to a prooess 
of *' weighting," which I shall now proceed to describe briefly. 

To explain the reason why this novelty has been introduced, I cannot do 
better than quote the words of my colleague Capt. Toynbee : — *' There can be 
no doubt that observations at sea are much affected by the speed of the ship, 
more especially in those parts of the sea where ships' tracks usually lie in one 
direction. * i' * In the part of the sea which lies near the Cape of Good 
Hope the tracks of nearly all ships bound to the eastward will be found to lie 
to the Southward of 88° S, while the tracks of nearly all ships bound to the 
westward will be found to lie to the Northward of 86° 8. Hence Westerly 
winds will carry the '* outward bounder " quickly through a given space of 
the sea which lies to the southward of 88° S, while Easterly winds will cheek 
her progress and keep her longer recording observations, in that space. To 
the northward of 86° S this rule will be reversed, and Westerly winds will 
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detain the ** homeward bounder " longer in a given space of the sea, while 
Easterly winds wiD carry her quickly through it. If we were to employ the 
method of giving an equal weight to each observation, the result would bo 
that an undue weight would be given to Westerly winds to the northward of 
8e° S, and to Easterly winds to the southward of 88° S." 

The diagram (Fig. 1) shows the practical effept of the ship's different 
tracks on the resulting windroses for a single square degree lying oflf the 
Cape of Good Hope. The full lino shows the windrose and resultant, 
S 26^ W (force 2'0), yielded by giving an equal weight to each observation ; 



Scale '/t iiuk^hfBtaaAfrtSfyclab^ 

Fall line (equal weight to each obaerration) BesoltantsS 26^ W. 2*0 
Dotted „ ( „ „ Bhip ) „ =8 8PE. 2-3 

the dotted line the windrose and resultant, S 81° E (force 2*8), yielded by 
giving an equal weight to each ship. The least reflection will show tho 
Fellows that the latter result is more likely to be correct than the former. 
The same principle is of course applicable to observations of the barometer, 
and in fitict to all data relating to weather. 

As a ready though only approximate method of arriving at a true result, 
the plan was adopted of admitting no more than a single obser\'ation from the 
same ship on the same day, and in the same one-degree square : the mean 
being taken when the ship had made many observations on the same day in 
the same square. The observations being at four-hourly intervals, it is only 
with very im£Etvourable winds that a ship would record more than two or 
three observations in a single one-degree square. 

It is a remarkable £aet that none of the foreign meteorologists whom we 
oonsolted, men of great experience, would recognise the desirability of this 
weighting process, and accordingly the wind results for the Cape District 
which we have published are not comparable with those which have appeared 
eliofdiare. 

There is, however, another point of novelty connected with the Cape 
diseossion which may possibly interest the Fellows. The observations have 
been grouped together, not for the ordinary five or ten-degree squares, but 
for homogeneous areas. The monthly means being originally taken for 
single-degree squares, the results were carefully compared together, and if 
% numbeir of fhese, lying close to each other, were found to agree inter te in 
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the general distribution of their results, the squares were thrown together 
and a general mean was taken. 

Some such principle of rational grouping had been proposed mote than 
twelve years ago by Professor Buys Ballot in his Sequel to the SxtggestWM on a 
Uniform System of Meteorologieal Observations, but as yet it is only our 
office which has followed the Professor's lead (in his North Atlantic Wind 
Charts 1877). 

There is yet another novelty in the mode of representation of barometrical 
results. It was found that the use of the ordinary system of exhibiting the 
distribution of pressure, by isobars, conveyed a very imperfect idea of the 
state of affairs, as all the phenomena of range are entirely masked when the 
bare mean results appear. 

Diagrams of barometrical frequency are therefore used, and I have repro- 
duced some of these on an enlarged scale (Fig. 2). The scale on the left 
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represents that of the barometer, and the ordinate of the curve at any scale 
reading is proportionate to the percentage frequency with which the barometer 
has been observed to stand at that particular height. The area enclosed by 
the curve is therefore approximately constant in all cases, so that the ordi- 
nates of the different curves may be compared with each other, and the relative 
frequency with which the barometer stands at each individual hei^^t in 
different parts of the district may be learnt at a glance. 

A similar plan has been adopted for the specific gravity of sea water. 

As soon as this investigation of the region lying near the Gape of Good 
Hope had been completed, the main attention of the Office was temporarily 
diverted from what I may call the climatological branch of marine meteoro- 
logy to the prosecution of weather study, as the Fellows must be frdly aware, 
from the circumstance that our forthcoming Atlantic Weather Charts have 
been repeatedly mentioned at the meetings. 

There is, however, another independent series of charts emanating from 
the Office, and these, I may be allowed to say, indicate a return to the plan of 
treatment of oceanic data at first followed by Admiral FitzBoy, of dealing 
with the several elements separately. 

These charts h(^ve been drawn b^ Lieut. BaQlie, who in their preparation 
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has niilised not only onr logs and the logs and remark books of the Royal 
Navy, but also the published records of varions voyages of discovery, under 
whatever flag these had been carried on. In the Charts of Sea Temperature 
which are published, and in those of Barometrical Pressure, which are in the 
engraver's hands, few available records go back further than half a century, 
for the simple reason that the quality of the old instrumental outfit of a ship 
does not come up to modem requirements. In the Charts of Ocean Currents, 
which Mr. Baillie is now commencing, the sources of material are tax more 
copious, inasmuch as every log of a ship, which was correctly navigated will 
yield good Current observations. 

It should be pointed out that the pressure charts are accompanied by a 
set of index charts on a smaller scale, showing the amount of barometrical 
range, and thus indicating to the seaman within what limits the readings he 
may obtain in each district may be expected to vary. 

The next publications which I have to notice are those of Lieut. Brault, 
and they comprise a series of charts for the four oceans — ^Atlantic, North 
and South, Indian and Pacific. These are sixteen in number, in four sets, 
one for each quarter of the year. In this respect they resemble the Pilat 
Wind and Current Charts of our own Admiralty. M. Brault contemplated, 
if he had been spared, to have supplemented these charts by a set of sixteen 
others, showing Currents and other meteorological phenomena, and ultimately 
to have issued a series of monthly charts. These charts give not only the 
direction, but also the force of the wind, and M. Brault was able, for certain 
oceans at least, to draw isanemones, or curves of equal wind-force, which, as 
mi^t be anticipated, coincide very generally with the isobars. 

These charts were not, however, as our neighbours across the Channel 
maintain, the first charts of wind-force ; for the charts of ocean statistics in 
five-degree squares, of which the issue was commenced by Admiral Fitz- 
Boy, although but a few appeared for the North Atlantic, also gave informa- 
ii<m as to wind-force. The materials for these statistics were obtamed from 
the logs accumulated by the Office, at that time in its comparative infancy. 
Subsequently, in the charts for Nine Ten-Degree Squares, which appeared in 
1875, the wind-force was duly noticed. 

All these charts had appeared before Lieut. Brault had published anything, 
but it must be admitted that he was the first to exhibit charts of wind-force 
for the whole globe. It is, however, greatly to be regretted that his charts 
are for three-monthly periods, so that any change which may take place 
between the first and last of the months is comparatively masked. This 
defect would have been removed if the charts had referred to the central 
months of the four seasons as types. 

The next series of charts to be noticed are those emanating from the 
Dutch Institute, and these are mainly wind charts. The area taken up is the 
Atlantic Ocean, North and South, and this is fully dealt with excepting the 
belt from l^"" to 20° S, the heart of the South-east Trade Wind. The 
extent of kwigitode covered by the charts varies according to the ship tracks, 
for the infonnation furnished by the Dutch ships refers mainly to the tracks 
from the Straits of Sunda to the coast of Holland. 
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Tlio charts give monthly windroscs for single degree squares, and in 
addition quarterly windroses for rational areas, which are not by any means 
the same in all the charts, but are selected according to the disiribation 
of materials. 

The Dutch have also published two sheets showing the mean baromefarieal 
pressure for the Atlantic ; these sheets really show the data for montlily 
barometer windroses to sixteen points of the compass, and for strips of 1^ of 
latitude. The strips vary in width from 80° of longitude oflf the eoast of 
Portugal to only 10° at the Cape of Good Hope, but preserve an averago 
width of twenty degrees from the parallel of 85° N to the Equator. !niey 
stretch from 25° to 45° W in 85° N, and from 15° to 25° W on the line. It 
wiU be seen from these figures that the region to which the data refer is 
limited by the usual homeward bound tracks of ships, and is far from oover- 
ing the whole extent of the ocean. 

My notice of European marine work, however, would be far from complete 
were I not to mention the work first begun by the lamented Capt HoflBmeyer, 
of charting the weather over the North Atlantic. This is now being carried 
out on the lines laid down by him by Dr. Neumayer at Hamburg, and by 
Dr. Paulsen, Captain Hofimeyer's successor at Copenhagen. 

Of the original series Capt. Hoffmeyer published charts for 8^ years, Sep- 
tember 1878 to November 1876. And of the series now in progress, the 
charts for fifteen months, from December 1880 to February 1882, have 
ahready seen the light. 

Of special investigations in connection with ocean meteorology, I must not 
omit to mention the discussion of the ChaUmger results by Mr. BuohaUy and 
the completion of the Norwegian Atlantic Expedition in the Voringeti in the 
summers of 1876-8. 

This latter expedition is the only instance on record of a series of meteoro- 
logical observations at sea, made under the personal supervision of an 
experienced meteorologist (our honorary member Professor Mohn), who 
himself has subsequently discussed and published the results. A portion of 
these results were laid before this Society in 1878 by Prof. Mohn, and appear 
in Vol. rV. of our Quarterly Journal; but the complete volume, wiiich 
appeared in 1888, is a perfect treasure-house of experiments on the various 
modes of conducting observations on the several phenomena embraced under 
the term Maritime Meteorology. 

Leaving the Old World we now come to see what is being done in the New, 
where some thirty years ago the foundations of our knowledge of ocean 
meteorology were laid by Maury. The United States Naval Observatory has 
given up meteorology, and the Coast Survey is now devoting its attention 
mainly to geodesy and land surveying; the Hydrographic Office at Washington 
has, however, taken up actively the study of ocean meteorology, which had 
been somewhat in abeyance since the war. 

Two series of charts for extensive areas have appeared. The first was pub- 
lished in 1878, and it refers to the North Pacific Ocean as far as the meridian 
of 180° W, and the parallel of 45° N. The second appeared in 1888, and covers 
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the North Atlantic. In each series of charts Vac mean values for each elcincut 
are given numerically for five-degree squares, but no graphical representa- 
tions have been issued excepting some for the whole year, which naturally 
have but little value compared with similar charts for individual months. 

For the last two years the Washington Hydrographic Office has taken a 
firesh departore. with its Pilot Charts for the North Atlantic. These appear 
mcmihly, and it is announced that we are to expect a weekly issue hereafter. 
They give mean results for the current month, with extracts from logs as to 
remarkable experiences during the month which has preceded it. Thus, for 
instance, the chart for December 1885 exhibits Maury *s mean figures for 
December, and in addition the reports of ice, derelict ships, waterspouts, 
whales, &c. which have come in for the November just preceding. This is 
a most important undertaking, but its successful prosecution can only be 
expected where a liberality such as that of the Washington Government 
enables the publishing ofi&ce to place a copy of the very latest edition of the 
chart for each particular month in the hands of each captain leaving a port. 

What are then the prospects of Marino Meteorology at the beginning of 
1886? In our own Office the task of preparation of the DaiUf Atlantic Weather 
Jilaps for the year of circumpolar research is completed, and the stage of 
engraving the results has been reached. This may be expected to last moro 
than a year. 

Of other investigations of a similar nature I may say that our honorary 
member, Dr. Neumayer, has undertaken, for the same interval of time, the 
preparation of Daily Charte for the South AtlaHtic, a perfectly novel and very 
promising field of investigation, for no attempt has yet been made to throw 
light on the weather prevailing off the Bio do la Plata and the coast of 
Futagonia. 

For the Indian Ocean Dr. Meldrum is still engaged with his charts for the 
year 1861, of which wo may shortly expect a further instalment. The Chief 
Signal Office, Washington, is of course continuing its hUeniatioHal Charts^ 
but as these mainly depend on land observations, they do not come directly 
under my notice this evening. 

Of new work, dealing exclusively with observations made at sea, we our* 
solves have taken up the study of the Bed Sea meteorology ; but this area is 
80 limited that the discussion must speedily be brought to a close, and no 
other inquiry of a similar nature is as yet in contemplation. 

The proposed preparation of Monthly Current Charts is an important 
nndertaking, and one which may be expected to occupy a considerable 
interval of time. The idea of monthly charts commends itself to every one 
who really considers the subject. An annual chart can make no pretence to 
represent seasonal changes in currents, if such exist, and to take four months 
as ^ical of the seasons is a step, but only one step, in advance. In the 
progress of discussion of monthly data, we may fairly hope that interesting 
facts as io the periodical changes in currents will come to light, and that 
Biany of the theoretical generalisations as to marine circulation will be 
brought face to foco-with a solid array of facts. 
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On the Coniineat the only new inqoiry which has been formally annonneed 
is one relating to the Indian Ocean. The Meteorological Institute of the 
Netherlands contemplates the preparation of an Atlas for the Indian Ocean^ 
after the model of that for the Atlantic published by the Deutsche Seewarte. 
As regards the northern portion of that ocean, the Indian Meteorological 
Office, under Mr. Blanford, has obtained for discussion a copy of all the 
materials existing in our hands, so that we may expect that this region, at 
least, will be very thoroughly dealt with. 

The Pacific, however, still remains a practically unknown sea. The 
Hydrographic Office, Washington, has, as I have said, published charts of 
data for the north-eastern portion, but no attempt at an exhaustive discus- 
sion has been made even of this region. 

We may now at last begin to think that a good time is coming. The 
Transpacific passenger trade to San Francisco from the Australian Gokmies 
and from China is daily increasing in magnitude, and observations from those 
routes cannot fail to come in, if not to this country, at all events to the 
United States. We may, however, anticipate that ere long we shall have 
lines of steamers to British ports on the Pacific coast. The completion of 
the Canadian Pacific Railroad, which brings Vancouver Island within ten 
days of England, has brou^t China nearer to Europe than it is even by the 
Suez route. As regards India, the time occupied is about the same by the 
East or by the West, while the latter route offers one advantage which may 
possibly have weight, that, while the sea is free to all, the entire land portion 
of the journey is within the limits of our own territory, and does not call 
for perpetual anxiety, if not actual warfare, to ensure the safety of our 
communications. 

These considerations must, sooner or later, come to the front, and then 
the Pacific Ocean will have a chance of remaining no longer a r^on 
meteorologically ahnost unexplored, and our knowledge of the atmospheric 
conditions of the accessible oceans of the globe will make some claim to 
completeness. 



REPORT OF THE COUNCIL 

FOR THE YEAR^ l%%b. 

Ths Council are glad to report that the year now closing has been one of 
almost unexampled activity, for at their first Meeting in February no less 
than seven separate Committees were appointed, viz. — 

Gbnsral Pubposbs Committee: — The President, Secretcuries, Foreign 
Secretary, Treasurer, Mr. Ellis, Mr. Latham, Mr. Laughton, and Mr. Lecky. 

Editing CoMmTTES : — The President, Mr. Inwards, and Mr. Whipple. 

Annual Exhibition Committee : — The President, Secretaries, Mr. Leckj', 
Btrachan, and Mr. Whipple. 
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International Intbntions Exhibition Committee: — The President, 
Secretaries, Mr. Lecky, and Dr. Marcet. 

EzFEBiMENTAL RESEARCH GoBOOTTEE *. — The President, Mr. Archibald, 
Mr. Benn, Mr. Eaton, Mr. C. Harding, Mr. Laughton, Mr. Russell, Mr. 
Symons, and Mr. Whipple. 

Decrease in Water Supply Committee : — The President, Mr. Chatterton, 
Mr. Latham, and Mr. Symons. 

New Premises Committee : — The President, Secretaries, Mr. Chatterton, 
Mr. Dyason, and Dr. Williams. 

In June an Eighth Committee was nominated, viz. : — 

Wind Force Coicmittee : — ^The President, Mr. Archibald, Mr. Chatterton, 
Mr. C. Harding, and Mr. Laughton. 

The whole of these Committees have met frequently and have done much 
for the advancement of meteorology as will be gathered from the following 
brief notes on their work. 

The osoal Annual Exhibition of Instruments was held on March 18th, at 
the Institution of Civil Engineers, and was kept open till March 20th. There 
i^ere eighty-four exhibits, a complete list of which will be found in the 
Quarterly Journal, Vol. XI. p. 242. 

At an early meeting, the Council took into consideration the continuance 
of the Climatological Station at the International Inventions Exhibition, and 
the preparation of a short Pamphlet for distribution. They decided to modify 
tte Pamphlet which was distributed at the Health Exhibition, and to add a list 
of Meteorological Instruments invented since 1862. A copy of this Pamphlet 
i^as forwarded to the Fellows in July. The Jury Commission has awarded 
to the Society a Diploma of Honour for its Meteorological Station. The 
instruments were removed at the close of the Exhibition, so that the observa- 
tions taken in the grounds of the Exhibition have now ceased. 

Considerable progress has been made with the Helm- Wind inquiry by the 
Experimental Research Committee, who have collected a large amount of 
information on the subject, and have presented a Report on the occurrences 
of the Helm- Wind from 1871 to 1884, which was read at the April Meeting 
of the Society.^ In order to further investigate the matter, the Committee 
considered it desirable that thermometrical and hygrometrical observations 
should be obtained from the neighbourhood. Before starting the observa- 
tions, the Council requested their Assistant Secretary, Mr. Marriott, to visit 
the district and to make inquiries on the subject. This he did in August, and 
was fortunate enough to witness the phenomenon of a slight Helm, an account 
of which was read at the November Meeting.' The Penrith and District 
liiteraiy and Scientific Society has taken great interest in the matter, and a 
number of its members have arranged to go out into the neighbourhood of 
Cross Fell when the Helm is on and make observations on each side of and 
beneath the Bar, as well as at various places in its vicinity. Thd co-opera- 
tion of a number of observers at fixed stations has also been enlisted. As, 

1 Vol. XI. p, 226. » Vol. Xn. p. 1. 
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for this pnrpose, several instrnments will be requirod, your (Council mailo 
applicaiioii to the Meteorological Conncilfor the loan of such, which has been 
readily granted. A Richard Thermograph has also been placed at the disposal 
of the Committee by the Hon. Ralph Abercromby. The Council have to 
acknowledge the valuable assistance which Mr. T. G. Benn, of Newton-Reigny, 
has rendered them in the Helm-Wind mquiry. 

A Report from the Decrease of Water Supply Committee was read ai the 
April Meeting of the Society.' A considerable amount of data had been 
received, but as the Council deemed it insufficient, it was decided that when 
the Report was printed in the Quarterly Journal, a circular should be issned 
to llie FaDoiws iiiTiting communications on this very impartanl mlgeeL 

The reference to the New Premises Committee was a request to seek for 
new Premises, at an annual rental of not more than £150, inasmuch as the 
present rooms are found to be rather inconvenient for the Library and ex- 
tended work of the Society. The Committee reported that they had met with 
only one set of rooms which was at all suitable ; and for three rooms near 
Great George Street, on the ground floor, at the back, the sum of £1M per 
annum was asked. The Committee advised the Council that they did not 
recommend these premises to be taken, as the rent was too high, and the 
rooms would not afford sufficient light for the work of the Society. The 
Council adopted this Report. 

The Ynrtd Force Committee was appointed to investigate the relati<m 
between Beaufort's Notation of Wind Force and the equivalent velocity in 
miles per hour, as well as the corresponding pressure in lbs. per square foot 
for each grade of the scale. Also to inquire whether or not any A^'niatig 
scale can be adopted or modified ; and if not, to determine what equivalents 
can be recommended for general and international use. Lastly, to report on 
the best mode available for the attainment of a satis£Eu;tory solution of tho 
entire question. Sufficient time has not yet elapsed for a report on this 
difficult subject; but it is to be hoped that when received and discussed, some 
approach to uniformity will be attained. 

A Bill was brought into tho House of Commons by Sir Charles Dilke and 
the Attorney-General (Sir H. James), termed the "Corporate Property 
Security Bill,'' to prevent tho members for the time being of any scientific 
Society, not being an association formed for trading purposes, from deter- 
mining the existence of such Society, or dividing its property, except with 
the consent of one of Her Majesty's Superior Courts. As the Council were 
of opinion that this Bill would unduly limit the powers of this Society, they 
prepared a Petition against the Bill under Seal, which was presented on 
April 21st by Mr. P. Phipps, one of the Fellows, to the House of Commons. 
The Council pointed out in their Petition, that, subject to certain restrictions 
contained in the Charter, they have, on behalf of the Society, full power to 
dispose of the corpus and income of all property, whether real or personal, 
belonging to the Society ; and they considered that the Bill would not only 

1 Vol. XI. p. 216. 
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unduly restrict the powers of the Society, but augment the difficulty of carrying 
on this and other learned Societies. The Petition will be found printed in 
Appendix IH. p. 62. The Bill was opposed by many other bodies, and did 
not become law. 

A letter was received from the International Meteorological Committee, 
announcing that the General Meeting would be held in September at Paris, 
and inviting suggestions for consideration and discussion. The Council re- 
quested the International Committee to decide upon tiie following questions : — 
(1) A Standard Velocity Anemometer ; and (2) The general adoption of a 
uniform height for Anemometers above the ground. A reply has been 
received to the eflfect that, in the opinion of the International Committee, the 
questions are too complex, and have not yet been sufficientiy studied to arrive 
at a resolution. 

The Society's Stations in the North and East of England have been in- 
spected by Mr. Marriott during the year, and were found to be in a satis- 
Hftctoiy state. The thermometers had undergone less change tiian at the 
former inspections ; but in a few cases some spirit was discovered at the top 
of the tube of the minimum thermometers. As this is one of the most 
frequent causes of error in temperature observations, the particular attention 
of observers is directed to it. It was also found that in two instances the 
divisions on the thermometer tubes and those on the porcelain scales did not 
agree, causing risk of erroneous readings. The Report also points out the 
advisability of a cap being placed over the receptacle for water used for the 
wet-bulb, so as to prevent evaporation and keep the water clean. Mr. 
Marriott also took photographs of the stations, which have been placed in the 
Society's Album, thus forming a valuable and interesting record of the 
Stations and their surroundings. The Report will be found in extenso in 
Appendix I. (p. 77). There have been some slight alterations in the list of 
stations during the year, returns having been accepted from Bennington 
(Herts) and Ushaw (Durham), whilst those from Leaton (Shropshire), 
Throcking (Herts) and Tunbridge (Kent) have been discontinued. The total 
number of stations is eighty-one, there being twenty-five Second Order and 
fifty-six Climatological Stations. 

The Meetings of the Society during the past Session have been well 
attended, and the speakers numerous, so tiiat there has been often a difficulty 
in concluding the business within the usual time. The number of Papers 
road has been twenty-five, and among these an unusual proportion has been 
furnished by the Honorary Members, especially by Dr. W. Koppen and Dr. 
'Woeikof, each of whom has contributed two. 

The MeUorological Record continues to be printed and circulated as usual, 
but with the commencement of the New Year it will be reduced in size. The 
Quarterly Returns of the Registrar-General will, for the future, be issued with 
ity instead of forming part of the Quarterly Journal, so that the publication 
of the latter may not be delayed. 

The Council have drawn up a list of the rules under which Papers are 
acjeptod by the Society. The most important of these rules refer to the 
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property of tho MSS., Diagrams, aud Charts sout to the Society, and the 
eost of aathors' corrections. The Secretaries are also empowered to refuse 
Papers which are not properly prepared. These rules will be found in 
Appendix n. p. 81. 

The Library has received a fall share of attention, nearly £40 having 
been expended in the purchase of books and in binding. A large number 
of publications of various kinds has been received in exchange for the copies 
of the Journal and Record sent to various Public Institutions and Scientific 
Societies in different parts of the world. In addition to these several import- 
ant works have been presented to the Society by individuals. A list of the 
donations received during the year will be found in Appendix VIE. (p. 87). 
The numerous applications received by the Council for an exchange of publi- 
cations are an indication of the esteem in which tho labours of the Sooiety 
are held. 

The Society has to deplore the loss by death of eight Fellows : — 

Rev. William R. C. Adamson elected in the Society February 21st, 1888. 



N. St. B. Beardmore, M.Inst.C.£. 

William Gough Birchby 

Lieut,-Col. G. E. Bulger, F.L.S. 

James Deane 

Samuel Forrest 

M^jor Fermor B. Gritton 

William Jones Loyd, M.A. 

Rev. F. Redford, M.A., F.RiS.E. 

Cornelius Walford, F.I. A., F.S.S. 



If 



ti 



ti 



}» 



It 



f9 



II 



II 



II 



II 



II 



II 



II 



II 



II 



II 



II 



If 



June 18th, 1878. 
February 15th, 1882. 
March 15th, 1876. 
December 17th, 1878. 
February 18th, 1880. 
March 15th, J876. 
January 15th, 1870. 
November 27th, 1855. 
March 21st, 1888. 



The number of Life Fellows on the roll of tho Society is 185 ; of Ordinary 
Fellows 881 ; and of Honorary Members nineteen, thus making a total of 
585, being a decrease of sixteen on the year. 

The following table exhibits the changes which have taken place in the 
number of Fellows during the year : — 



Fellow*. 


Annual. 


LifB. 


Honorary. 


Total. 


1884, December 81 ... 


895 


187 


10 


, 551 


Since elected 


+20 

- 8 
-28 

- 1 

- 2 


1 

OOOfcOO 


ooooo 


+20 
-10 
-28 

! :l 


Deceased 


Retired 


Defaulters 


Lapsed • 




1885, December 81 ... 


881 


185 


19 


686 

1 



i 



At first the Balance Sheet appears unsatisfactory, as tiie balance brought 
forward from last year was £196 9s. 9d., whilst that at the end of the current 
year it was only £155 7s. dd., showing a deficiency of £il 28. 6d. 



BEPOBT OF THE OOUNOIL. 77 

Several items ^hioh are found under the heading of Expenditure will, however, 
not recur daring next year, viz. £dl 15s. Od. invested for sums received 
firom compounding Fellows in 1884 ; an excess of above j640 for printing and 
illustrations for the Quarterly Journal; of about JSIO for Forms for Observa- 
tions, &e, ; and about J625 for expenditure in connection with the Inter- 
national Inventions Exhibition; making a total of £106 15s. Od. The 
Meteorological Council has made its usual annual grant of £25 towards the 
expenses incurred in the Inspection of Stations, and the ordinary payments 
for copies of the Weekly, Monthly and Annual Returns from the Society's 
observers. 

The foregoing figures are, however, sufficient to show that if the Society is 
to be maintained in its present position of activity, the Fellows must make 
strenuous efforts to induce such of their friends as are suitable to join its 
ranks. If each could introduce one new Fellow during the year no more 
would be heard of a reduced balance to credit, and the Society would be 
enabled to enter boldly into more than one field of research from which it is 
now debarred by considerations of necessary and judicious economy. 



APPENDIX I. 

BiPOBT OH THB InSPBCTION OF TEE STATIONS DUBWa 1885. 

The siatioDB in the North and East of England have been inspected during 
the year, and found to be generally in a very satisf^tory condition. 168 
tfaermometers have been tested, and the result showed that less change 
has taken place since the previous comparison than had been found on 
former occasions. In a few cases spirit was discovered at the top of the 
iabe of the minimum thermometer. This is a common source of danger ; 
and observers should always be on the look out for the first appearance of 
spirit at the top of the tube. 

In two instances the divisions on the thermometer tube did not agree by 
1^ with those on the porcelain scale, the tube having slipped. When such 
IE the case, the observers are apt to get into the habit of looking at their 
thermometers sideways, and consequently obtain an erroneous reading. 

The muslin and cotton round the wet-bulb thermometers were generally in 
good condition, except at about three stations, where the muslin was nearly 
dry. It is desirable that a cap or cover with a small hole in it should be 
placed over the top of the water receptacle, as this would prevent evaporation 
and also keep the water clean. 

The thermometer screens in several instances required painting. 

I beg to submit photographs of all the stations inspected, which are 
nionnted in the Album along with those taken last year. These photographs 
now form a valuable and interesting series of pictures, showing the exposure 
and surroundings at the various stations. 

WnjJAM Marbiott, 
October 6th, 1885, Assistant-Secretary. 
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Notes on the Stations. 



Alston, Aug%ut 20th. — This station was in. good order. The mfcTimnni 
and minimnm thermometers were foond to be reading too low by 0^*4 and 
0°*8 respectively. — Observer, T. W. Dickinson. 

AspLBT Guise, September 18th. — This station was in good order. A new 
pattern thermometer screen has been obtained and is in use. The shrabs 
and trees to the west are growing very rapidly, so that it will be necessary 
shortly to remove the rain-gauges further to the east. The thermometers 
were all correct except the minimmn, which had 0^*5 of spirit at the top of 
the tube. The snnshine recorder has been removed from the lawn and 
placed on a tower which has been added to the house. — Observer^ £. £. 
Dtmond, J.P., F.R.Met.Soc. 

Bklpeb, September lit, — The thermometers were found to be correct. The 
thermometer screen required painting. The exposure is very confined, being 
much enclosed by trees. The rain-gauge, which is in a lower part of the toiwn, 
was very much protected by trees on the south-east and north-north-eMt. 
The observer was requested to have it removed to a more open situation.— 
Observer, J. Hunter, F.R.Met.Soc. 

Bennington, September 17th, — This station, which is nearly midway 
between Bontingford, Stevenage and Ware, is on the highest ground in the 
whole of the district, which is of a very undulating nature. The instnixnents 
are placed in an extension of the lawn in front of the house, the ground sloping 
to the eastward. Every thing was in good order. None of the thermometers 
except the maximum and the grass minimum had Eew certificates. — ObBervert 
Rev. J. D. Pabkeb, LL.D., F.R.Met.Soc. 

Blaoxpool, August 28th. — Every thing at this station was in a satis&eloiy 
condition. The sunshine recorder, anemometer, and sea thermometer are at 
the end of the North Pier. Dr. Welch, the Medical Officer of Health, has 
charge of these instruments and has also a Stevenson screen close to the beach, 
which win, however, be removed to a more suitable position. — Ohurver^ 
C. T. Ward, M.A., F.R.Met.Soc. 

BoltoNi August 29th. — The instruments were in good order, the recom- 
mendations made at the last inspection having been carried out^ A new 
pattern thermometer screen has been obtained. The observer has also a 
Richard barograph. [Mr. Mackereth was obliged to discontinue the observa- 
tions on December 81st, 1885.] — Observer, Rev. T. Magkerbth, F.R.Met.Soc. 
Boston, July 80th. — ^The instruments were in faur order. The Offioers of 
the Ordnance Survey had erected a platform on the top of the tower of the 
church, and at the time of my visit masons were engaged in repairing the 
pinnacles. The outer screen round the electrical thermometer had been 
temporarily taken down. — Observer, G. E. Hackford. 

BxTXTON, September 1st, — The thermometers were correct except the grass 
minimum, which had some spirit at the top of the tube. The thermometer 
screen required painting, and the rain-gauge to be firmly fixed and mode 
quite level. The observations have been under the superintendence of Pr^ 



BEPOBT OF TBI COUNCIL— APPENDIX I. 79 

Thresh smee Jannary 1st, Dr. Sykes having left Buxton at the end of 1884. — 
ObierwTf Db. J. G. Thbbsh. 

Chxadlb, August 31st , — ^The thermometer screen required painting, and 
also strengthening to prevent oscillation in windy weather. The barometer 
had been sent to the maker to be cleaned and to have a wooden case made 
for it, an aneroid being used in the interval. The observer was requested 
to move the rain-gauge further to the north-west, so as to make a smaller 
angle with the tree on the south-east. — Observer^ J. 0. Philips, J.P. 

CBAifLUfOTON, July 25th. — On comparing the thermometers it was found 
that the minimum read 0^*4 too low. The thermometer screen required 
painting. The rain-gauge had been removed to the more open site selected 
for it at the last inspection. — Observer^ W. Bonallo, F.R.Met.Soc. 

CsoMKB, August 13th, — ^As the bulbs of the thermometers were only 8ft. 
Gins, above the ground, and the door of the Stevenson screen opened to the 
east instead of the north, the observer was requested to have the screen 
raised to 4ft. and turned so that the door shall open to the north. It would 
be more satisfiEietory if grass were laid down under the screen, and if no shrubs 
allowed to grow round it. — Observer, J. Coopbb, F.R.C.S. 

Finchlbt, Septmnber 24th, — The instruments were in the same position as 
ftt the last inspection. The thermometer screen was very dirty and urgently 
required painting. I was informed that the instruments would be removed 
in the course of a few weeks to the site selected for them last year. A new 
nun-gauge will be obtained, the present one having leaked in the funnel and 
been repaired. — Observer, H. C. Stephens, F.R.Met.Soc. 

HnxniOTON, August 14ili, — The thermometers were all correct. The 
observer was requested to have overlapping boards put at the bottom of the 
sereen, and also a louvre on each side of the screen, where it is at present 
wanting. The sunshine recorder is now placed on the top of the house, the 
only olgect likely to affect it being the chimney on the west-south-west to 
west. — Observer, Bby. H. £. B. Ftolkeb, M.A., F.R.Met.Soc. 

H0D6OCX, September 3rd. — ^Every thing at this station was in good order. 
In addition to a full set of instruments the observer has a Richard barograph 
and an electrical anemometer. — Observer, H. Mellish, J.P., F.R.Met.Soc. 

Kxnilwobth, September 19th. — The observer was away from home at the 
time of my visit* but the gardener was in charge of the observations. On 
examining the thermometers it was found that there was a considerable 
i^TOAnwt of ^irit at the top of the grass minimum. The thermometer screen 
required painting. — Observer, T. G. Hawlet, F.R.MetSoc. 

LowBaroiTy Auguet 12th. — ^This station was in good order. On comparing 
the thermometers it was found that the zero of the maximum had risen 0^*8. 
It was proposed in the course of a few months' time to enlarge the garden, 
which will improve the exposure of the instruments. — Observer, S. H. Melleb, 
F.R.Met.Soc. 

Haoolbsfibld, August 31st. — ^The exposure is very open, being in the 
Public Pttrk, but the railed-off enclosure, which is only ten feet square, is too 
small. On comparing the thermometers it was found that the minimu m |||^ 
0^*4 of ipirit aft the top of the iv\>9,— Observer, 0. Rosoob, 
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* Newton Reignt, August 31$t. — ^Every thing at this statum WM in a 
very satisfiMtory condition and beaatifollj clean. — Ob$ifv$r^ T. O. Bxmr, 
F.R.Met.Soo. 

Oakamoob, August dl$t. — ^The observer was away from home at the time 
of my visit, bnt the observations were in charge of the railway booldiig-deik. 
The instroments were not in a satisfactory condition, the thermometer Boreen 
urgently reqoiring painting, and the mnslin and cotton on the wet bulb being 
very dirty and nearly dry. — Observer, G. Williams. 

Old Street, London, September 24th, — The wet-bulb thermometer was 
broken on Febroary Ist, and was replaced by a new thermometer on Febniary 
8rd. Every thing was in good order. — Observer, Bbv. A. P. Hookin. 

BouNTON, July 27th. — The barometer had been moved to a better position 
since the last inspection. The thermometers were found to have altered 
their zeros. The thermometer screen required painting. — Observer, Sir I. 
L. Bell, F.R.S., F.R.Met.Soc. 

SoALBBT, August 26th,'^The instruments at this station were in good order. 
More attention should be paid to the changing of the muslin and cotton on 
the wet-bulb thermometer, as the readings from this instrument are not always 
satisfactory. — Observer, R. A. Allison, M.P., F.R.Met.Boc. 

SoABBOBouGH, July 28th, — ^The instruments were all correct and the 
station in good order. The thermometer screen had recently been painted. — 
Observer, A. Rowntbse, F.R.Met.Soc. 

Seathwaite, August 24th, — ^This station was in good order.— OtMr^r, 
W. DntoN. 

SoHSBLETTON, August 12th. — This station was in a satisfactory condition, 
the instruments being all in good order. — Observer, Rev. G. J. Stbwabd, 
M.A., F.R.Met.Soc. 

Southend, September 80th. — ^The thermometers were all correct. The 
mercury in the maximum thermometer jumped up 8^ or 4^ after being set 
when fixed in the screen. The observer agreed to procure another thermo- 
meter. As the water receptacle was at a considerable distance from the wet 
bulb, the observer was requested to have it placed in a different position. 
The thermometer screen required painting. — Observer, O. Linowood. 

St. Miohabl*8-on-Wtbb, August 27th. — ^All the instruments were correct 
and every thing in good order. — Observer, Rev. P. J. Hobnbt. 

Stapleton, August 26th. — The thermometers were all correct except the 
minimum, which had some spirit at the top of the tube, llie tube of the 
maximum thermometer had slipped down a little, so that the divisions on the 
tube were 1^ lower than on the porcelain scale. I readjusted the tube, so as to 
obviate any future liability to error. The rain-gauge required to be properly 
fixed and adjusted. [Dr. Stirling left Stapleton at the end of September, but li 

is hoped that Dr. Lorraine, his successor, will continue the observations.] 

Observer, A. W. SriRLiNa, M.B. 

Stbellet, September 2nd, — This station was in good order. — Observer, 
T. L. E. Edge, F.R.MetSoc. 
. ysBAW, July j^tA.— >This station is about four miles west-south-west or 
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Dnrham. The ground is hilly in the neighbcurhood. The exposure is very 
open; the ground (600 feet above sea-level) rises to the north-west, the 
highest point being about thirty feet higher. The thermometer screen was 
much too low, the bulbs being only three feet above the ground ; it was also 
very dirty, and had not been painted for five years. The observer undertook 
to have the screen raised to the proper height, and to have it thoroughly 
painted. The rain-gauge was in a courtyard with a high building on the 
north. It was arranged that the gauge should be moved to a more open 
situation near the thermometer screen on January 1st, 1886. — Observer, 

BmV. J. OOBBUHLBT, B.A. 

Wakbfieij), July 28th. — ^The thermometer screen and instruments were 
very dirty, and the wet bulb was not working properly. The instruments 
were cleaned and the wet-bulb thermometer put in working order before the in- 
spector left, and it was arranged that the screen should be painted. — Observer ^ 
H. Clabke, M.R.C.S., F.K.Met.Soc. 

Watfobd, September 19th, — On comparing the thermometers it was found 
that the dry, wet, and maximum all read 0^*2 too high. The divisions on the 
tube of the minimum thermometer did not quite agree with those on the 
porcelain scale. The thermometer screen required painting. — Observer ^ J. 
HoFKiNsoN, F.B.Met.Soc. 



APPENDIX n. 
Bulbs under which Papers abe accepted by the Society. 

1. Every Paper which may be presented to the Society shall be considered 
as the property of the Society, unless there shall have been any previous en- 
gagement by the Council with its author to the contrary ; and the Council 
may publish the same in any way, and at any time, that they may think 
proper. But should the Council refase or omit within a year to publish such 
Paper, the author shall have a right to copy the same and publish it under 
his own direction. No other person, however, shall publish any Paper 
belonging to the Society without the written consent of the Council signed 
by one of the Secretaries (By-Law 62). 

2. No Author shall be allowed to have his Paper returned to him after it 
has been read and ordered to be printed until it is in type, unless there shall 
have been previous engagement by the Council with the author to the contrary. 

8. Should the cost of the author's corrections of the press amount to a 
greater sum than One Shilling and Sixpence per page, the excess shall be 
borne by the author himself, and not by the Society. 

4. It is desirable that Diagrams intended for inclusion in the text should 
not exceed four inches in the smallest, and seven inches in the largest 
dimension, and that they be drawn with extreme neatness. 

5. In the case of charts of the British Isles or of the North Atlantic, it is 

MEW SXBIKS. — VOL. 2UI. F 
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requested that the outline Maps prepared by the Society be used, copies of 
which can be had on application. 

6. Authors of Papers printed in the Quarterly Journal, in addition to forty 
separate copies presented free of expense, may, on payment of the cost of 
such extra copies, have any further number not exceeding one hundred, 
except by special order of the Council. 

7. If proofe of papers be sent to the authors for correction, and be retained 
by them beyond seven days for each sheet of such proof, it will be assumed 
that such proof requires no further correction. 

8. The time allowed for the reading of a Paper at the Meetings of the 
Society is limited to twenty minutes. 



APPENDIX m. 

l^TinON AGAINST THE " GOBPORATB PbOPXBTY SeCUBITT BiLL.*' 

To the Honourable the Commons of the United Kingdom of Great Britain 
and Ireland in Parliament assembled. 
The Humble Petition of the Council of the Royal Meteorological Sociefy 
Sheweth — 

1. That your Petitioners have had under consideration a Bill now before 
your Honourable House, intituled '* A Bill for better securing their property to 
Corporate and Quasi-corporate Associations.'* 

2. That the said Society was founded in the year 1850, was incorporated 
by Boyal Charter in the year 1866, and received Royal permission in the 
year 1888 to be called the ** Royal Meteorological Society.'* That the 
Society has, under the same Charter, full power to dispose of the Corpus and 
Income of all property, real or personal, belonging to it, subject to certain 
restrictions more particularly set forth in such Charter. 

8. That the provisions of the Bill would unduly restrict the power and 
independence of the said Society in the management of its own property, and 
the disposal of it to the best advantage, and would unreasonably and unneces- 
sarily augment the difficulty and expense of such management. 

4. That the said Bill is calculated to encourage State interference with the 
private concerns of associated enterprises, and to prevent or discourage 
the formation and endowment of associations similar to the said Society, 
for professional, scientific, and social purposes, beneficial and useful in them- 
selves, and of indirect advantage to the public at large. 

5. Your Petitioners humbly submit that the Bill is without precedent, and 
unnecessary, and calculated to cause mischief, difficulties, and, in some cases, 
iiijustice ; and they humbly pray that the Bill may not be allowed to pass 
into law, or that it may be so amended by reference to a Select Committee, 
or otherwise, that it may not injuriously a£fect such Chartered Societies as 
the Boyal Meteprological Society. 



KEPOBT OF THE COUNCIL — ^IPPENDIX UI. 88 

And your Petitioners will ever pray, &e. 

Sealed with the Seal of the Society, in the presence of 
the Gonncil, this 17th day of April, One Thousand 
Eight Hundred and Eighty-Fiye. 

ROBERT H. SCOTT, PBBsmBNT. 
O. M. WHIPPLE, Sbcbbtabt. 




APPENDIX IV. 
Obituabt NonoBS. 

The Rev. Francis Redfobd, M.A., who was educated in the first instance 
for the medieal profession, was ordained in 1848, and was for some time a 
missionary in Trinidad. On returning to this country he was instituted to 
the living of St. Paul's, SiUoth, which he held till the time of his death. He 
led an unobtrusive life, and outside his parish was only known in connection 
with his meteorological observations and his Secretaryship to the Cumberland 
and Westmoreland Convalescent Institution. 

He watched with much interest the rise and progress of the new port of 
Silloth, and his meteorological observations proved of great service in bring- 
ing it into public favour as a health resort. He supplied his observations to 
the Carlisle Journal regularly for about thirty years, without once missing a 
post or a train. In &ct he was most methodical and punctual in all his 
arrangements. Failing health compelled him to give up work in the early 
part of the year, and his meteorological observations were discontinued at 
the end of June. He died on September 80th, in the seventy-second year 
of his age. He was also a Fellow of the Royal Society of Edinburgh. 

GoBNBLius Walfobd was bom in 1827, and was the eldest son of the late 
Mr. Cornelius Walford, of Witham, near Chehnsford. He was brought up to 
the legal profession, and served his articles in the office of Messrs. Pattisson, 
of Witham, where he was extensively engaged in the management of landed 
property. Whilst still a youth he organised a Building Society, which became 
the model and parent of other similar associations in the Eastern Counties. 
He also acted as a local insurance agent, and his experience in this business 
led to his becoming the inspector and organiser of several insurance com- 
panies in London. He was called to the bar as a member of the Middle 
Temple m 1860, and before long he came to be largely consulted as a 
legal adviser and an arbitrator in some of the most intricate and delicate 
cases arising out of the subject of insurance. He abo took an active part in 
the direction of the Accident Insurance Company, and of many commercial 
companies. 

In 1871 he commenced his great work the Inturatice Cyclopaedia, which is 
skill incomplete although it extends to several volumes. He was also the 
author of several other works and many statistical papers. Mr. Walford, 
^iter an illness of many months* duration, died on September 28th. 
Be was a Follow of the Statistical and several other Societies. 
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APPEN- 

AbSTRAGT of BeCEEPTS AMD EXFENDITUBE 



Receipts* 

£ 9, d. 

BaUrnoe from 1884 

Dividends— M. 8. and L. B. 4^ Debenture Stock, £800 .... 34 19 9 

Do. N. 8. W. Stock, 4 per Cent., £600 19 7 6 

Do. New 8 per Cents., £200 6 16 3 

SubtMsriptionB for 1881 3 10 

Do. 1882 2 10 

Do. 1888 3 

Do. 1884 , 24 

Do. 1886 686 9 

Do. 1886 27 

EntranoeFees 21 1 

Meteorological Office : — 

Copies of Weekly Betunu 4 17 

Do. Monthly „ 100 

Do. Annoal „ 2 10 

Grant towards Inspection Expenses 26 

Sale of Publications ••• 

Excess for Aathor*i Ck>rrection8 , 



a t. d. 
196 9 9 



60 8 6 



716 12 



132 7 

26 8 11 

18 



£1180 H 2 
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DIX T. 

FOB TBI Yux uniDia Decbmbkh 81bt, 1885. 



PriiitineNof!.S>-H 1ST 3 C 

lllaBtntioQB S2 13 6 

Aathom' Copiea 16 S S 

El«(«orolo^cal BMOtd, New. 16>18 US* 

Bagiitnr-Oanaral'i Bepoit 8 8 

Friaimff, <te. .'— 

General Printing 19 8 6 

List of Fellows 10 18 

Fonu for ObMmtloiii '. *.... 17 S 6 

StaUoiMiy U 8 10 

Boc^ BooUrindlng and Hi^ U 1 8 

&IariM.— 

AMUtut-BwreUi7 m 

Compnten 1S8 8 

O0lmi 
Bent and H 

Puraiture and Repoira 11 4 II 

-Coals, Insnrance, Ad 9 17 

poaUge « 8 10 

PumU and Patlj BxpetiMa 7 13 4 

BefrPBhmenls at MeeUogB 13 6 1 

IntemstiODfa InTentiona Exbibitlon Eipetues £6 3 

Sabwription overpaid retamed 1 1 

SoUelfav'i Expenaea, Cheqae Book, Ao. 2 3 4 

OburMliow.— 

Inipeetion of SUtions and Photognphj C8 8 II 

ObMmn Rt Old Street and llMthiiaite 7 2 

1 12 C 

Mol Ml 18>. 4d. M«w S pet Oenti 

At Bank of Bnglaad 1S4 U 1 

In baadKtf the Aariatant-Secntaiy SO 13 2 



31 16 
976 6 11 



and eompared witb the voncben and fonnd ooneot, 

J. 8. HABDINa, 1 

», H. 30WSBBY WALLIS,f 
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APPENDIX VI. 
List of Books Pubchased. 

Addison, W.— Meteorological Journal, 1833 to 1838 ; containing Observations 

made at Great Malvern, WorceBtershire. (MS.) 

A General Chronological History of the Air, Weather, Scnson», 

Meteors, &c. Two vols. 8vo. (1749.) 
British Association.— Reports, 1838 to 1840. 8vo. (1839-41.) 
Cornelius, C. S. — Meteorologie. 8vo. (1863.) 
Denison, Dr. C. — Seasonal 0imatic Map of the United States. Wall map. 

(1885.) 
Encyclofjbdla Britannica. Ninth Edition. Vols. XVIII. and XIX. 4to. 

(1886.) 
Glaisher, J., F.R.S.— Travels in the Air. 8vo. (1871.) 
Hicks, J. J.— -Specification of Improvements in Clinical Thermometers. 4to. 

(1884.) 
International Inventions Exhibition, 1885.— Official Catalogue. Third 

Edition. 8vo. (188^.) 

Kamtz, Dr. L. P. — ^Vorlesungen fiber Meteorologie. 8vo. (1840.) 
L'Institut Meteorologique Danois et le Deutsche Seewarte. — Cartes 

Synoptiqaes Joomalidres du Temps, embrassant le Nord de TAtlantique, June 

1881 to Feb. 1882. Folio. (1884.) 

Meteorological Office. — ^Retum of Storms for which no Warning was 

issued which have visited the British Islands between Jan. 1, 1874, and Dec. 31, 

1883. Foobcap Folio. (1884.) 
Murphy, P. — ^The Anatomy of the Seasons. 8vo. (1834.) 
Pearcb, a. J.— The Weather Guide-Book. 8vo. (1864.) 
Prestel, Dr. M. A. F. — Der Sturmwamer und Wetteranzeiger. 8vo. (1870.) 
St. Alban, Viscount. — ^The Naturall and Experimental! History of Winds, &c. 

12ino. (18530 

Scott, R. BL, P.R.S.— The Upper Air. 8vo. (1885.) 
Steinmbtz, a. — Sunshine ana Showers. 8vo. (1867.) 
The " Times " Register of Events in 1884. 8vo. (1885.) 
Whistlecraft, O.— The Weather Almanac, 1859 to 1869. 8vo. (1858-68.) 
Year Book of the Scientific and Learned Societies of Great Britain 

and Ireland, 1885. 8vo. (1885.) 



APPENDIX Vn. 

Donations eboeiysd during ths Year 1885. 

Presented by Societies, Institutions, &c. 

Adslazdi, Obsibtaxobt. —Meteorological Observations made in South Australia and 
the Northem Territory during 1882. 

Adbludx, Botal BoonBTT OF South Aubtbalia.— Transactions and Prooeedings and 
Beport, Y61. VIL 188S-84. 

Baxavia, Obsbbvatobt.— Magnetical and Meteorologioal Observations, Vol. VI. 1881- 
88.— Bainfall in the Bast Indian ArchipeUgo, 1884. 

Bkblot, Dbutbohb BfBTXOBOLOoiBOHx GxsxLLscBArT.— BerlinoT Zweigverein, 1885.— 
Meteocoloi^Bdhe Zeitsohrift, Nov. 1884 to Nov. 1885. 

Bbbldi, K5r. STATisnscHBN BuBXAU.— PreusBische Statistik, LXXXII. Ergebnisse 
der meteorologiBQhen Beobaohtungen im Jahre 1884. 

BoxBAZ, Qo¥XBH]cxNT Obsxbvatobt.— Magnetioal and Meteorologioal Observations, 
1883. 

Bbubanb, GxirxBAXi Bxoistxb Ofviob.— Report of Registrar-General on Vital Statis- 
ties, 1884.— Report on tbe Vital Statistios, Oct. 1884 to Sept. 1885. 

Bbubanz, Botal Sooibtt of Quebnbland. — Proceedings, Vol. I. parts 2 to 4, 1884. 

Bbussbls, AcADiiax Botale.— Annuaire, 1884 and 1885. Bulletin, Sme Serie, 
Tomes 6 to 8, 1888.4, 
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Brussels, ORSRBVATontE Royal.— Annnaire, 1885— Bulletin M6t6orologiqae, Dee. 
1884 to Nov. 1885. 

BuKHAREST, Institutul Meteorolooic al Romaniei. — Boletinol Ministemlai Agri- 
culturei, Industrici. Comercinlni si DomeniUor. Annul I. 1885. Nos. 1 to 7. 

Cairo, Ministerb de l*Inrtruction Publiqui. — B^siim6 Mensnel des OlMMnratioiis 
meteorologiques faites d TObservatoire Kh^divial da Cairo (Abbassieh), Jan. 1884 to 
Sept. 1885. 

Cairo, Bocitrk KHtDiviALE de QicooBAPHiE. — Bulletin, He. Serie, Kos. 6 and 7. 

Calcutta, Meteorological Office. — Indian Metcorologic&l Memoirk^ Vol. II. Parts 
3 and 4.— Registers of Original Observations rednced and corrected, May 1684 to May 
1885.— Report on the AdminiRtration of the Meteorological Department of the GoYcrn- 
ment of India in 1883-84. — ^Report on the Meteorology of India in 1882 and 1883. 

Calcutta, St. Xavier's College Observatobt. — Meteorological Observations, July 
1884 to Jone 1885. 

Cape Town, Meteorological Commission.— Report for the year 1884. 

Cape Town, South African rniLosoPHicAL Society. — Transactions, Vol. III. 1881-3. 

Chemnitz, Kuxigl. Sachs. Meteorologischen Institutes. — Dekadenberioht im 
Jahre 1884.-Jahrbaoh, 1884. 

Christianu, Editing Committee, Norwegian North Atlantig Expedition, 1876- 
1878. — Zoology, Crustacea, la. and lb., by G. O. Sars.— Pennatolida, by D. C. 
Danielssen and J. Eoren.— Spongiadie, by Dr. G. A. Hansen. 

Christianu, Nobwegisch Meteorologisches Institut. — Jahrbuch fiir 1884. 

Copenhagen, Danske Meteorologiskb Institut. — Bulletin M6t6orologiqae du Notd, 
Dec. 1884 to Nov. 1885.— Meteorologisk Aarbog, 1882, Parts I to 3, and 1883, ParU 1 
to 8. 

Cordoba, Academia Nacional db Ciencias — Actas, Tomo V. parts 1 and 2.— Bdletin, 
Tomo VI. part 4, to Tomo VII. part 3. 

Cordoba, Oficina Meteorol6gica Argentina. — Anales, Tomo IV.— Informes An- 
uales y Doonmentos, 1885. 

Cbacow, K. K. Stebnwabte. — Meteorologische Beobachtnngen, Dec. 1884 to Oet 
1885. 

Dobpat, Mbteorologibchb Obsbbvatobiums. — Anemometrisohe Sealen fCbr Dorpat. 
Ein Beitrag znr KUmatologie Dorpats, von Prof. E. Weihranch. 

Dublin, General Reoisteb Office. — Supplement to the Seventeenth Report of the 
Registrar-General of Births, Marriages and Deaths in Ireland, eontaining decennial 
summaries for the years 1871-1880. — Twenty-first detailed Annual Report of the BegiB> 
trar-Greneral of Births, Marriages and Deaths in Ireland, 1884.— Weekly Betoma of 
Births and Deaths, Vol. XXI. No. 52, to Vol. XXH. No. 51. 

Dublin, Rotal Dublin Society. — Scientifio Proceedings, Vol. IV. (N.S.) Parts 6 and 
C— Scientific Transactions, Vol. III. (Series II.) Parts 4 to 6. 

Dublin, Rotal Ibish Academy. — Proceedings ; Soieooe, Ser. II. VoL IV. Noa. 3 and 
4 ; Polite Literature and Antiquities, Ser. U. Vol. II. No. 6. — Todd Leeture Series, 
Vol. n. part 1 ; Irish Lexicography. By Prof. R. Atkinson. — Transactions ; Sdenoe, 
Vol. XXVIII. Nos. 17 to 20. 

DuLwiCH College Science Society. — Seventh Annual Report, 1884-5. 

Edikbuboh, General Register Office. — Quarterly Returns of the Births, Deaths 
and Marriages registered in Scotland for the quarters ending December 3 let, 1884, 
and June 30th and Sept. 30th, 1885. 

Edinburgh, Scottish Meteobological Society. — Journal, Third Series, No. 2. 

Falmouth, Royal Cobnwall Polytechnic Society. — Annual Reports, 1870 to 1873, 
1875 to 1879, and 1881. 

FiUMB, I. R. AccADEMiA Di Mabina. — MetcoTological Observations, Nov. 1884 to 
Got. 1885. 

Geneva, Obsebvatoibe.— R^um4 M6t6orologique de TAnn^e 1884 pour Gendve et le 
Grand Saint- Bernard, Par E. Gautier et A. Kunmermann. 

Geneva, Soci&tI: de GIiogbaphib.— Le Globe. Bulletin, Tomo IV., Noe. 1 and 2. 

Glasgow, Philosophical Society. — Proceedings, Vols. XV. and XVL 

Greenwich, Royal Observatory. — Magnetical and Meteorological Observations, 
1888. — ^Report of the Astronomer Royal to the Board of Visitors, June 6, 1885. 

Halle, Eaiserlichs Leopoldino-Carolinibche Deutsche Akadbmix deb Katub- 
FOBSCHEB. — Beitrag znr Frage der Reduction von Barometerstanden auf ein anderes 
Niveau. Von Dr. P. Schreiber. — Bestimmung der Masse des Planeten Jnpiter ana 
Heliometer. — Beobaohtungen der Abstande seiner Satelliten. Von Dr. W. dehor.— 
Leopoldina, XX. 1884. 

Hambubo, Deutsche Seewarte. — ^Aus dem Archiv, 1882 and 1883.-»Meteorologi8ahe 
Beobachtungen in Deutschland, 1882.— Monatliche Uebersicht der Witternng, March 
1884 to Feb. 1885.— Wetterbericht, 1885. 

Hamilton Association.— Journal and Proceedings, 1882-83. Vol. I. part 1. 

Hongkong, Obsebvatoby. —Annual Report of the Government Astroaomer for 1884, — 
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Annual Weather Beport for 1884.— Five-Dav Means of the Principal Meteorological 
Elements for 1884.— Lnnar Transits across me Meridian of Hongkong. — Observations 
and Researches made at the Hongkong Observatory in the year 1884. By W. Doberck. 
— On the Height of Victoria Peak.— On the Progressive Motion of Typhoons in 1884.— 
Weather Beport, Jnly 1884 to April 1885. 

Iowa, Wbathbb Ssbvics. — First to Third Biennial Beports of the Central Station. — 
Beports, 1878, 1879, 1881 and 1882. 

Kew Obssbvatobt.— Beport of the Eew Committee for the year ending October 31, 
1884.— The History of the Kew Observatory. By Bobert H. Scott, F.B.S. 

Lkok, Obsebvatobio dbl Colboio.— Besomen General de las Observaciones Meteoro- 
logicas, 1884. 

Lisbon, Obsebvatobio do Infants D. Luiz.— Annaes. Observa^oes dos Postos 
MeteorologiooB, 1881 and 1882. — Annaes. Vigesimo Octavo Anno. 1882, Volume XX. 

Lisbon, Sociedadb db Geoobaphia. — ^Boletim, 4a Serie, Nos. 10 to 12.— 5a Serie, 
Noe. 1 to 5. — Besposta & Sociedade Anti-Esclavista de Londres, por J. A. C. Beal.— 
Subsidies para a Historia do jomalismo nas Provinoias Uitramarinas Portuguezas pelo 
socio Brito Aranha. 

Livbbpool, Litebabt and Philosophical Socibtt. — Prooeedingd, Vol. XXXVIII. 
ia88-4. 

London, Bbitish Assocution. — Beport, 1884. 

London, Colonial Office. — First Annual Beport of the Government Astronomer, 
Hongkong Observatory, for 1884.— Observations and Besearohes made at the Hongkong 
Obs^atory in the year 1884. By W. Doberck. 

London, Genebal Bbgistbe Office. — ^Annual Summary of Births, Deaths, and 
Causes of Death in London, and other great towns, 1884. — Quarterly Beturns of 
Marriages, Births, and Deaths, for the four quarters ending Sept. 30, 1885. — ^Weekly 
Beturns of Births and Deaths, Vol. XLV. No. 52 to Vol. XLVI. No. 51. 

London, Geological Socibtt. — Quarterly Journal, Nos. 161 to 164. 

London, Institution of Civil Enoinebbs. — Physiography. By Dr. J. Evans, F.B.S. 

London, Institdtion of Mechanical Enoineebs. — Proceedings, 1885, No. 2. 

London, Intebnational Health Exhibition.— Health Exhibition Literature, Vols. 

xvn. toxrx. 

London, Mbteobolooical Office. — Abstract of the Weather at Penzance for the year 
1883. By W. H. Bichards.— Annual Beport of the Boyal Cornwall Polytechnic Society, 
1884.— Bulletin quotidien de TAlggrie, Nov. 16, 1884, to Jan. 15, Feb. 16 to May 15, and 
Jone 16 to Nov. SO, 1885.— Contributions to our knowledge of the Meteorology of the 
Ajrotio Becpons, Part IV. — ^Daily Weather Beports, 1885.'-Erg6biiiss8e der an den 
meteorologischen Stationen des Grossherzogthums Baden, 1882-83. — Hourly Beadings, 
Oct. 1882 to June 1883.— Magnetic Observations taken at Kazan during the year 1883. — 
Mauritius Meteorological Besults, 1881 and 1883. — Meteorological Observations at 
Stations of the Second Order for the year 1880. — Meteorological Observations made at 
Southport, August 23, 1884, to Dec. 4, 1885.— Meteorology of Ceylon for 1884.— Monthly 
Weather Beport, Oct. 1884 to July 1885.— New York State Library, 65th Annual 
Beport, 1882. — Observaciones Meteorologicas hechas en el Observatorio Astronomico 
de Santiago, 1878 to 1881.— On the Impurities in London Air. By Dr. W. J. Bussell, 
F.B.S.— Osservazioni Meteorologiche fatte in Alessandria alia Specola del Seminario, 
1879 to 1882. — Papers and Proceedings of the Boyal Society of Tasmania for 1884. — 
Principles of Forecasting by means of Weather Charts. By the Hon. B. Aberoromby. — 
Qoarterly Weather Beport, 1877. Parts 1 to 8.— Beport of the Meteorological Council to 
the Royal Society for the year ending 31st March, 1884.— Beport on Wind Velocities at the 
Ijake Crib and at Chicago.— Besearohes on Solar Heat and its absorption by ^e Earth's 
Atmosphere. A Beport of the Mount Whitney Expedition. By S. P. Langley. — Service 
Centnu M6ttoologique de 1* Algdrie. Bulletin Mensuel, Nos. 1 and 2. — Temperature Chart 
of the United States. Constructed by C. A. Schott. — ^Temperature of the Atmosphere and 
Earth's Surface. By Prof. W. Ferrel. — The Elements of the Heliograph. — ^The relation 
between Northers and Magnetic Disturbances at Havana, Cuba, fiy Sergt. G. £. 
Curtis.— The special characteristics of Tornadoes, with practical directions for the 
protection of life and property.— The study of Meteorology in the higher schools of 
Germany, Switzerland, and Austria. — Variation of Bainfall west of the Mississippi 
River.— Weekly Weather Beport. New Series, Vol. I. No. 51 to Vol. H. No. 51.— 
Western Australia. Meteorological Beport for the year 1883. 

London, Botal Aobicultubal Society.— Journal, Second Series, Vol. XXI. — General 
Index to the Second Series of the Journal, Vols. XI. to XX. 

London, Botal Astbonomical Socibtt. — Memoirs, Vol. XLVIH. Part 2. — Monthly 
Notices, Vol. XLV. No. 2 to Vol. XLVI. No. I. 

London, Botal Botanic Socibtt.— Quarterly Becord, Nos. 20 to 23. 

London, Botal Institution of Gbbat Bbitain.— Proceedings, No. 78. 

London, Botal Socibtt.— Proceedings, Nos. 234 to 239. 

Ijonoon, Botal Unitep Sebvice Institution.- Journal, No. 129, 
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LoHDOH, SoozETY OF Arts.— Joomal, KoB. 1676 to 1727. 

LovDov, Sogutt of Telbobaph EHonrBBBs & Elbctbiciaks.— Jounal, Nob. 54 to 56. 

London, WssTMiNgTBBFBBB Public LxBBiBT. — ^Twentj-eightii Annual Bepoit,1884-85. 

Lton, OBBBBYAToiBB.-^Annales, Ptemidre S6rie, M6t6oxologie. Tome I. FMoioale 
n. 1878-79-80. — Note mx les OBoillations Baromdtriqnes prodoites par r&rnption do 
Krakatoa. Par C. Andr6. 

Madbab, Ooybbnmbnt Obsbbyatobt. — Magnetioal ObBervations made at the Hem. 
East India Company's Observatory at Madras, 185l-55.^Magnetioal ObsorrationB made 
at the Hon. Bast India Company's Observatory at Singapore, 1841-46. — ^Telegraphle 
Determinations of the difference of longitade between Karachi, Avanashi, Boorlcee, 
Pondioherry, Colombo, Jaffna, Muddapor and Singapore, and the Government Obser- 
vatory, Bfsdras. 

HAJ>Bn>, Obsbbvatobio. — ^Annario, Aiio XVIH. 1880. — Observaoiones Meteorolfigioas, 
1879 to 1881. — ^Besthnen de las Observaoiones Meteorol6gicas de Provinoias, 1876 to 
1880, and 1882. 

BCadbio, SooiBnAD Gboobafxca.— Boletin, Tomo XVn. No. 4 to Tomo XIX. No. 4. 

Maodbbubo, Wbttbbwabtb DBS Maodbbuboischbn Zbitunos. — Das Wetter, April, 
May, Jnly, August, and Oct. 1884 to Deo. 1885. 

Manchbstbb, LrrsBABT and Philosophical Soobtt. — ^Memoirs, Third Series, Yol. 
YIII.— Proceedings, Vols. XXIIL and XXIV. 

Mablbobouoh Collbob Natubal Histobt Socibtt. — Beport for 1884. — ^BesoltB of 
Twenty Years* Observations on Botany, Entomology, Ornithology and Meteorology, taken 
at Marlborough College, 1865-1884. 

Maubitids, Botal Alfbbo Obsbbvatobt. — ^Annual Beport of the Director, 1888. — 
The Mortality from Malarial Fever compared with the Bainfall, Temperature and fiela- 
tive Humidity for the period 1871 to 1888, and for the year 1883. 

Melboubnb, Obsbbvatobt. — Monthly Becords of Besults of Observations In Meteoio- 
logy. Terrestrial Magnetism, etc. Sept. 1884 to June 1885. 

Mblboubnb, Patbnt Offiob.— Indexes of Patents and Patentees for the years 1878 
and 1879.*- 

Melboubnb, Botal Socibtt of Yiotobu. — Transactions and Proceedings, Yol. ^YT . 

Mbtz, Acad£mib. — Observations M6t6orologique8 faites k Metz pendant Tannte 1880, 
par M. Schuster. 

Mbxico, BiiNisTBBio DB FoMBNTo.— Bolctln, Tomo IX. No. 65 to Tomo X. No. 86, and 
Tomo X. Nos. 48-97. 

Mbxico, Obsbbvatobio AsTBON6inoo Nacional de Tacubata.— Anuario pan el aSo 
de 1886. 

Michigan, Statb Boabd of Health. — Co-operation of Citizens in preventing the 
Spread of Disease, by Bev. W. Masker.— Meteorological Beport from Observationa made 
at the Stato Capitol, Lansing, Dec. 14, 1884, to Dec. 12, 1885.— Michigan Oop Beport, 
Dec. 1884 to Nov. 1885.— Proceedings and Addresses at Sanitary Conventions held aft 
HillBdale, Bast Saginaw, and Lansing.— The Public Health Servioe of BCiohigan, bj 
Hon. Dr. J. Avery. 

Milan, B. Obsbbvatobio di Bbbba. — Osservazioni Metoorologiche eseguito nell* anno 
1884.— Sni Tempondi Osservati neU* Italia Superiore durante r anno 1879. ^lawono 
di E. Pini.— Teoria degli Stromenti Ottid con applieazioni ai Telescopi ed alia Foto- 
grafia Celeste. Del Dr. L. Billotti. 

MoNOAUBBi, Obsbbvatobio B. C. Cablo Albebto. — Observatorio Meteorol6gico Oentral 
del Colegio Pio de YiUa Colon (Montevideo). Besumen de las observadones meteoro- 
16mcas praetioadas en el ano 1888-84. 

MoNTBEAL, Gbolooioal Subvet OF CANADA.— Bcport of Progrcss, 1882-88-84. 

Moscow, Li^n>wiBTH8CHAiTLicHE Akadbmib. — MeteorologiBohe Beobaohtnngen ana- 
gefdhrt am meteorologischen Observatorium, 1884. 

Munich, K. B. Mbtbobolooischb Centbal Station. — Beobachtungen der meteoralo* 
gischen Stationen im Eon. Bayem, Heft 3, 1884, to Heft 2, 1885.— Uebosieht fiber die 
Wittorungsverhaltnisse im Eon. Bayem, Nov. 1884 to Nov. 1885. 

Munich, E. Stebnwabte.— Meteorologische und magnetische Beobachtungen. 1884. 

Natal, Obsbbvatobt. — Beport of the Superintendent for 1884. 

Newhaven, CoNNBoncuT AcADBMT OF Abtb AMD SoiENCBS.— TrausactioiiB, YoL YL 
Part 2. 

New Yobk, Centbal Pabk Obsbbvatobt.— Abstracts of Begisters from SeU-Beoording 
Instruments, Dec. 1884 to Nov. 1885. 

OxFOBD, IUdcliffb Obsbbvatobt. — Besults of Meteorological Observations, 1882. 

Pabis, AcADBicT OF SCIENCES. — Missiou Scientifique du Cap Horn. 1882-1S8S. 
Tome n. M^ttorologie. Par Lieut. J. Lephay. 

Pabis, Bubeau Centbal M&TioBOLoaiQUB db Fbance. — ^Annales; 1881, part 2; 1882, 
parts 1, 8 and 4.— Bulletin International, 1885. — Instructions M^tfiorologiqaea. 
Deuzidme Edition, Bapport du Comity M6t6orologiqae Intematiofial, B5anion d^ 
Copenhagne, 188^. 
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Pabu, IimaaiAnoirAXi ICbteobolooioal GomoTTBB.— Bappori snr remploymtnt des 
obsenratioxis des f&mu poor les pf6visioxui jonrxialidres dn iemps, par Ci^t. J. 0. de 
Brito Oapello, Dr. H. H. midabrandsson, et Ber. W. G. Ley. 

Pabis, SociiTi MiTfcoBOLOOiQUS DB Fbakcb. — Annnaire, Deo. 1882, and May 1884 to 
Feb. 1886. 

Philadblphia, Ahbbioab Philosophical Sogibtt.— Proceedings, Nos, 116 to 120. — 
Begister of Papers published in the Transactions and Proceedings. 

PoLA, K. E. Htbboobaphischbs Amt.— Meteorologische and magnetisehe Beobaoh- 
tongen, Jan. to Nor. 1886. 

Pbaoub, K. K. Btbbxwabtb. — Magnetisehe nnd meteorologiache Beobaohtnngen im 
Jahre 1884. 

Pbotidbnob, B. I., Nbw EvoLANn Mbteobolooioal Socibtt. — ^Bulletin, Noe. 1 to IS. 

St. Pbtebsbubo, Phtsibalischbb Gbbtbal Obsbbyatobium. — Annalen, 1883. 

San Fbbnamdo, Ivstituto y Obsbbyatobio ni BIabuxa.— Anales. Secdon 2a. Ob« 
aenraciones Meteorol6gioas, 1883 and 1884. 

Stockholm, K. Svbnbka Yetbnsxaps Atadbmib.— ObserYations M6t6orologiqQ6s 
Sngdoises, 1878 and 1879. 

Stonthubst Collbgb Obsbbyatobt. — Besnlts of Meteorological and Magnetical Ob- 
serYations, 1884. 

Stdbet, Goybbnmbnt Obsbbyatobt.— Besnlts of Bain and BiYcr ObserYationB made 
in New South Wales during 1884. 

Stdrbt, Botal Soobty of New South Walbs.— Journal and Proceedings. Vol. 
XVm. 1884. 

Teplib, Phthtbalihohbn Obsbbyatobium.— Beobaohtungen der Temperatur des Erd- 
bodens, 1881 to 1883.— Magnetisehe Beobachtungen, 1883. — Meteorologiache Beobaoh- 
tnngen, 1883 and 1884. 

ToKio, Impebial Mbtbobological Obsbbyatobt. — Monthly Summaries and Monthly 
Means for the year 1884. 

Toxio, Uniyibsitt. — Measurement of the Force of GraYity and Magnetic Constants 
at Ogasawarajima (Bonin Island). Beported bY A. Tanakadate.— Measurem^t of the 
Force of GraYity at Naha (Okinawa) and Kagosnima. By S. Sakai and £. Yamagu<dii. 

ToBiMO, OssEBYATOBio AsTBOHOMioo DBLL* UriybbsitL — Eftemoridi del Sole, della 
liuna e dei prindpali Pianeti calcolate per Torino per 1' anno 1886. Dall Prof. A. 
Charrier.— OsserYaaioni dell' Ecdisse Totale di Luna del 4-5 Ottobre 1884. Nota di 
A. Doma. 

ToBiHo, SooietX Mbtbobolooica Italiana.— Bollettino Deoadico, pubblicato per cura 
dell' OsserYatorio Genteale del Beal GoUegio Carlo Albcnrto in Moncalieri, Feb. 1884 to 
March 1886. —Bollettino Mensuale, Serie 11. Vol. IV. No. 4 to Vol. V. No. 8.— Istru- 
sioDi per le osserYazioni della Luce Zodiacale in Italia. Del P. A. Serpieri. — Istru- 
adoni per le osserYazioni delle Correnti Terrestri. Del Prof. I. Galli. — ^Istruzioni per 
le oeserYaaioni Meteorologiche e per 1' Altimetria Barometrica, del P. F. Denaa.— Ib« 
truaioni per le oiserYazioid sul Mare e sulle Brezze. Del Prof. G. Boberto.— L' Astro- 
nomia la Fisica Terrestre e la Meteordogia alia. Esposizione Generale Italiana in 
Torino 1884.— Materiali per 1' Altimetria Italiana, Fascicolos 1 and 2.— Studi sui 
Barometori Normali dell' OsserYatorio Centrale di Moncalieri. Nota seconda. Del 
P. F. Denza. 

ToBOMTO, Maobbtio Obsbbyatobt.— General MeteorologioalfBegister for the year 1884. 

ToBOHTo, Mbtiobolooical Ofpioe.— Monthly Weather BcYiew, Noy. 1884 to Noy. 
1886. 

Upsala, Obsbbyatoibb db L'UNiYBBSiri.— Bulletin M6t6orologique Mensuel, 1884. 

l^TBBCHT, K. Nbi>bblani>8CH Mbtbobolooisoh Insttiuut.— NcderUuidsch Meteoro- 
lonaeh Jaarboek Yoor 1884. 

YnENKA, K. K. Cbmtbalanstalt pOb Mstbobolooie umd Bbdmaonbtismub.- Beobaeh- 
tnngen, Noy. 1884 to Oct. 1885.— Jahrbnoh, 1888. 

VmiBA, Obstbbbbichischb Gbssllschapt p€b Mbteobolooib.- Zeitschrift, 1885. 

WABHiJfOTON, Smithsonian Institution. — ^Annual Beport of the Board of Eegents, 
1 883.— Meteorological and Physical Tables, bY Prof. A. Gnyot. Fourth Edition. 

Wa8hii«oton, U. S. Geological Subybt. — ]^ourth Annued Beport, 1882 to 1883. 

Wasrinoton, Wab Dbpabtmbnt. — Monthly Weather BcYiew, Noy. 1884 to Sept. 1885. 

Watpobd, Hbbtpobdshibb Natubal Histoby SocnsTT. — Transactions, Vol. III. parts 
3 to 6. 

Wblunoton Colleob, Natubal Science Socibtt.— Annual Beport, 1884. 

Wbllibotok, Beoistbab-Genebal's Office. — Statistics of the Colony of New Zealand 
for the year 1883. 

Wisconsin, Uniybbsitt.— Agricultural Experiment Station. Bulletin, Nos. 5 and 7. 
— Second Annual Beport of the Agricultural Experiment Station for the year 1884. 

YoBX, ToBBSRiBB Fhilobophical Socibtt. — ^Annual Beport for 1884. 

Zi-Ka-Wbi, Ubrebyatoibe Maon£tique et M£t£obolooique.— Bulletin Mensuel, Noy. 
1888 to Jan. 1885.— MouYements des Couches ^leY6e8 de 1' Atmosphere, H Zi-Ki^-Wei, 
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d&teraun^B par 1* direction des CirrL Par P. M. Dechevrens. — ^ThA TyphooOB of 1882 
Part n. Typhoons in September and October. By B. F. Marc Dedhevrens. 
ZuBicH, Sghwkizerischb MRBOBOLoaisoas Central Anbtalt. — ^Annalen« 1888. 



Presented by Individuals. 

AiTKEN, J.^lfeteorological Table for the Tear 1884. CompQdd from obBttfatioiis 
taken at Braenuur, Aberdeenshire. 

Aldbidob, E. G.— First Annual Report on the Health of the Bural Sanitazj DiBtiiel 
of the Isle of Wight. By J. Groves. 

Baker, Db. H. B. — ^Typhoid Fever and low water in wells. 

Ballou, Db. N. E. — A condensed Statement of Meteorological ObservationB made at 
Sandwich, niinois, 1852-84. 

Bintom, J. B.— Rainfall, ioo, at Blackrock, near Cork, Dec 1884 to Nov. 1885. (MS.) 

Blakb, G. C— The Fntore ; a calculation of coming weather through aBtronomkal 
mathematics. Vol. I. Nos. 1 and 2. 

Gahebom, Dr. J. S.— Annual Report of the Medical Officer of Health for HnddarBfield, 
1884. 

Clare, J. E. — The Natural History Journal and School Reporter, Nob. 78 to 81. 

CovEMTBT, F. — Meteorological Observations taken at Ketton Hidl, near Stamt6rd« 
Rutland, Dec. 28, 1884, to Nov. 28 and Dec. 6 to 26, 1885. 

Crawford and Balcarrbs, Earl of.— Dun Echt Observatory PublicationB, VoL TTT, 
Mauritius Expedition, 1874, Division II. 

Denza, p. F.— Le Aurore Polari in Italia nell* anno 1882 (April 16-17 and lO-iO). 
•—Sulla Variazione della Temperatura Secondo 1* Altezza. 

Dobell, Dr. H.— The Medical Aspects of Bournemouth and its BurroondingB. 

DoBBRcs, Dr. W.— Markree Observatory. 

DoBRiNO, Dr. O. — Algnnas Observaciones Meteorol6gica8 practieadas en el aao 1882 
en C6rdoba (Repiiblica Argentina). — ^La Presion Atmosf^rica de C6rdoba de Media en 
Media Hora. — Medicion Barom6trica de aUnmas alturas de la Sierra de C6rdoba.—- 
Observaciones Meteorol6gicas hechas en Mil Nogales (C6rdoba). — ObservationB M6t6oro- 
logiques faites k C6rdoba pendant Tannic 1883. — Sobre la convenieneia de fundar en la 
Rep6blica Argentina un Observatorio Magn^tico con asiento en la Ciudad de C6rdoba. 

DoNCASTBR, D. — Diagrams showing mean monthly pressure, rainfall and temperalnre 
at Broomhall Park, Sheffield, 1884. 

Doyle, P. — Paper-making in India. 

Drasb, Lieut. H. D. — Charts of Barometer and Thermometer Readings, Oct. to Deo. 
1884, taken on a voyage between Sydney and New Guinea. (MS.) 

Eassie, W. — ^Reports of the Commissioners appointed to inquire into the natoie and 
extent of the several Bogs in Ireland, and the practicability of draining and cultivating 
them. (1812-14.) 

Fox, w . L. — Tables of Sea Temperature, Bright Sunshine and Climate at Falmouth 
for the year 1884. 

Framcis, Suroeon-Majoe C. R. — Meteorological Phenomena in India. 

Gauble, J. G. — Catalogue of Printed Books and Papers relating to South Africa, 
Part n. Climate and Meteorology. — Climate of Cape Colony. 

Glydb, E. E. — Abstract of Meteorological ObHcrvationB made at Babbaoombe, Torquay, 
during the year 1884.— Meteorological Summaries for July 1884, and Nov. 1884 to Oct 
1885. 

GoxjLD, Dr. B. a. — Addresses at the Complimentary Dinner to Dr. B. A. Gould. 

Greenwood, W. N. — Local Tide Table for Glasson Dock and Lancaster, on the iiTor 
Lune, 1886. 

Hall, M. — Jamaica Rainfall for the years 1882, 1883 and 1884. — Jamaica Weather 
Report, Oct. 1884 to March and July to Oct. 1885. 

Hankinbon, R. C— Weather at Red Lodge, Southampton, Deo. 1884 to May 1885. 
(MS.) 

Hastk, Da. J.— Berioht liber die Fortsehritte der geographisohen Meteorologie. — Die 
Temperaturverhaltnisse der osterreichischen Alpenl&nder. 

Harvbt, Rev. C. W. — Meteorological Observations taken at Throcking, Herts, during 
the year 1888.— Rainfall in Herts. Jan. to Aug. 1885.~Report on &e i^infall in 
Hertfordshire in 1888. 

Hill, S.A. — On observations of Temperature and Humidity at a height of forty feet 
above the ground at Alipore Observatory, Calcutta. On observations of the Solar 
)rmometer at Lucknow. 

r. Dr. H. — Phanologische Beobachtungen, 1884-5.— -Resultate der wiohtig- 
senphanologischen Beobachtungen in Enropa. 
>Vt J.— Meteorological observations takeq at Wansford House, Wattoid, 
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during the years 1883 and 1884.— Beport on Phenological Phenomena observed in 
Hertfordshire daring the years 1883 and 1884. 

HuxTBB, J., JuNB.— Weekly Summaries of Meteorological Observations made at 
Belper, 1885. 

Jacssoh, W. K — ^Meteorological Observations taken at Erenkeny, Constantinople, 
Jnne 1 to Deo. 20, 1886. (MS.) 

KnssLiNO, Paor. J.— Beobaontongen des rothen Sonnenringes.— Die Dammerungs- 
eraeheinnngen im Jahre 1883 nnd ihre physikalische Erklarong. — Zor Erklanmg der 
xingfSrmigen Gegen-Dammemng. 

IiAHGASTSB, A.— Disoossion des Observations d*Orages faitesen Belgiqae pendant 
Pannte 1879. 

Lauobtor, J. K.— Segelhandbach fiir den Atlantischen Ozean.— Theory of the Winds, 
l^ Capt. 0. Wilkes. 

Lbs, G. J.— Meteorological Observations taken at Eimberley, South Africa, Dec 1, 
1884 to Nov. 30, 1885. (MS.) 

IdEwis, A. L.— Journal of Weather and Diseases at Ohichester, Oct. 1770 to May 
1772. (MS.) 

liOOMis, Paor. £.— Oontributions to Meteorology. Bevised Edition, Chapter 1. 

Low, S., JuHB. — Sanitary Suggestiona. 

Luvm, Paor. J.— S^t Etudes sur, 1. L*6tat spheroidal; 2. Les explosions des 
machines & vapeur; 3. Les trombes; 4. La grdle; 5. L*61eotricit6 atmosph6rique ; 6. 
La rdfraotion laterale; 7. L^adh^sion entre les liquides et les solides. 

Habsiott, W. — Some Occasional Winds and their Influence on Health. 

Kawlbt, £.— The Bosarian's Year-Book for 1885.— The Weather of Nov. and Deo. 
1884. Meteorological Observations taken at Croydon. 

MgLahdsbobouoh, J., AND Pbbston, a. E. — Meteorology of Bradford for 1884. 

McLbod, H., F.B.S.— Preliminary Notice of a new Sunshine-Becorder. 

Mebobb, B. M. — ^Meteorological Observations with some Agricultural Notes as made 
by observers at certain stations in Kent during the year 1884. (MS.) 

Mbbbhibld, Da. J. — ^Meteorological Summary for the year 1884 at Plymouth. 

MiLLEB, S. H.— The Shipwrecked Mariner, Vols. XXX. and XXXI. 1883-4. 

Nbwlaxds, J. A. B. — The Periodic Law. 

NxooL, Db. J. — The Climate of Llandudno. 

Pbbx, C. E. — Meteorological Observations for the year 1884 at Bousdon Observatory, 
Devonahire. 

PSBiOAL, H. — ^Fkures des Barom6tres et Thermom^tres le plus Cel6bres. ^S.) 

Philips, J. C. — ^Iraces from Self-recording Aneroid Barometer at the Heath House, 
Taan, 1885. 

PooflOBy Mzsa E. L — Administration Beport of the Meteorological Beporter to the 
Government of Madras for the year 1884-85. 

PBBsnoR, A. W. — Meteorological Notes, 1884. 

PfeBSiOH, Bev. T. a.— Wiltshire Bainfall, Dec. 1884 to Nov. 1885. 

PanroB, C. L. — Observations upon the Drought and Temperature of the past Sum- 
mer (1885).— Observations upon the Topography and Climate of Crowborough Hill, 
Sussex. — ^The Summary of a Meteorological Jounudkept at Crowborough, Sussex, 1884. 

Ragoba, Pbov. D. — Snl Clima di Assab. 

Baxbat, A. — ^Phenological Stations. — ^The Gamer and Science Becorders* Journal, 
Hob. 1 to 8. 

Biood, Paor. A. — ^Biassunto delle Osservazioni dei Crepusooli Bossi. 

Biogbbbach, a.— Zum Klima der Goldkuste. 

BxvowooD, A. — The Law of Storms. 

RooxB, Db. C. — The handy Pocket-guide to Health and Health-restoring Places. 

Both, H. L.— Climate oi New South Wales, by H. G. BusselL— Die physikalischen 
Einwirkongen des Waldes auf Luft und Boden und seine klimatolo^che nnd hy- 
gienisohe BkBdeutung, von Dr. E. Ebermayer.— Hints for Invalids and T^vellers, with 
obeervations on the Climate of Luxor and Egypt, by T. E. Maclean. — Instructions for 
Meteorologieal Observations in the Colony of New South Wales, by H. C. BusseU. — 
Minutes ol Proceedings of Intercolonial Meteorological Conference held at Melbourne 
on April, 1881. — ^Mountain Barometer Tables, by W. Gravatt. — MS. Meteorological 
Begister of Observations made at Mackay, Queensland, 1876 to 1880.— Quantity of 
Water consumed in Irrigation, by W. W. Cnlcheth. — Betum of Bainfall in Ceylon 
dnring 1880. — ^The Mackay (Queensland) Sugar Crop as affected by the weather and 
want of labour. — Ueber Bedentung und Vertretung der Land und Forstwirthschaftlichen 
lifeteorologie, von Dr. J. B. Lorenz. — Also several other books. 

Buoo, W. S.— Meteorological Observations made at Lagos and Biver Niger, West 
Coast of Africa, from 1880 to 1884. (MS.) 

SchOck, Caft. a. — ^Beitrag aur Kenntniss der Geschwindigkeitsmessung auf See. 

SHAsns, D. B.— Essex Bainfall, Auc. 1882 to June 1885. 

SxDcinB, Db. D. S.— The Soienoe of Change of Air. 
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Slade, F. — Meteorological Observations for 1884 taken at Beokford, Tewkesbury. 

Smellie, T. D. — Ocean and Air Currents. 

Smitb, B. Woodo. — A Beoord of Weather kept ftt Bichmond, Surrey, from 1718 to 
1745, by George Smith. (MS.) 

Smtth, G. Puzzi. — On Brewster's line Y, in the inlra Bed of the Solar Specimm. 

Stmoms, G. J., F.B.S. — ^A description of the nature, construction, and use of the 
Torrieellian, or Simple Barometer, by B. Martin^^-British Bainfall, 1884.— Description of 
Instmments dedgned for extendiiig and improving Meteorological Observations, l^ J. 
Leslie.— Des Mouvements de TAtmosphdre, par M. le Contre-Amiral Bonxgoia. — 
Dialog dell Goce Meteorologiche, di D. V. Zuocolo. — ^Difficiles Nng» : or Obsenraiioiifl 
tonohmg the Torricellian experiment, by Sr. M. Hales. — Essais sur la Comstnictioii «t 
Comparaison des Thermom^tres. Traduit de I'Axiglois, du Dr. Martine. — HistniMh- 
KritiBehe Uebersieht tiber die Hageltheorien, von 0. Waehner. — J. B. da HameL De 
Heteoris et Fossilibns. — Meteorological Begisters kept at Bookleton, Tenbrncy, 1816 
to 1858(MS.).— MeteorologicalBegisterBkeptat Dunmow,Es8ex, July 1851to June 1868. 
(MS.).— Meteorolof^cal Begisters kept at Pool Gottage, Hereford, 1821 to 1842. (MS.).— 
Meteorological Be^sters kept at Beading Atheneum, Aug. 1881 to Dec 1841, 1847 to 
1849 and 1853-4. (Ma)— Meteorological Begisters kept at Somen Town, 1788 to 1786 
and 1800 to 1S42. (MS.).— Meteorological Begisters kept at Stroud, Jan. 1775 to March 
1813. (MS.). — ^MSt&rologie et Ph6nom6nologie de TAttique. — On the Atmosphmric Tidfos 
and Meteorology of Dnkhnn, by Iiieut.-Col. W. H. Sykee, F.B.S.— Symons'a Monthly 
Meteorologioal Magazine, 1885.— The Atmospheric Brecorder, by 6. Dollond. — Thteia 
math^matique des Oscillations du Baromdtre et recherche de la loi de la variatioa 
moyenne de la temperature avec la latitude, par E. Liais. — T^ait4 Blteentaire de 
M6t6oroloffie, par M. G. Bailly de Merlieux.— tfeber die Ansdunstung, und ihn ^Whk* 
nnsen in der Atmoephare, von M. Hubc-^Also about ninety books and pamphlete ; 
and fifteen MS. Meteorological Begisters kept at various places in Great Britain. 

Tabbotton, M. 0. — Meteorological Observations taken at Nottixigham, 1884. 

Taylor & Fbanois, Messes. — Taylor's Galendar of the Meeting of the Soientifie 
Bodies in London for 1885-6. 

Teissebbhc db Bobt, L. — ^Etude sur la position des Grands Gentres d'Aotion de 
I'Atmosphdre au printemps, mois de Mars. 

The Editob.— *Giel et Terre,* Vol. V. Moe. 21 to 24. Deuzidme Sdrie, VoL I. Nos. 1 

to 20. 
„ « Nature,' Nos. 792 to 848. 

„ * Scienee,' Nos. 98 to 150. 

„ ' The American Meteorological Journal,' Vol. I. Nos. 2 to 4 and 9 to 12, 

Vol. II. Nos. 1 to 7. 
„ *The Illustrated Science Monthly,' Vol. III. Nos. 2 to 4 and 7 to 9, 

and Vol. IV. No. 8. 
„ • The Saniteiy Engineer,' Vol. XI. No. 4 to Vol. XIII. No. 2. 

„ * The Telegraphic Journal and Electrical Boview,' Nos. 871 to 422« 

Thompson, B.— >0n SwaUow-Holes and Dumb WeUs.— The Water Supply of the Town 
(Northampton). 

TiscHNEB, A.— The fixed Idea of Astronomical Theory. 

Todd, Pbot. D. P.— Observations of the Transit of Venus, 1882, made at the Lick 
Observatory, Mount Hamilton, California. 

Tbife, Db. J. W.— On Small Pox Hospitals.— Beport on the Sanitary Condition of 
the Hackney District for the year 1884. 

Tbipp, W. B.— The Biver Buffalo. 

Tybeb, B.— The Meteorology of Cheltenham, 1884. 

Walkeb, a. 0. — Climatic Causes affecting the distribution of Lepidoptera in Great 
Britain. 

Whitlet, N. — ^Besults of the Meteorological Observations made at the Boyal Jaati- 
tution of GomwaU, Truro, 1840-81. By Dr. G. Barham. 

Wise, Db. A. T. — Alpine Winter in its medical aspects. 

WoEiKor, Db. A — Die Begenverhaltnisse des malayisohen Archipel. — ^Fliisse nnd 
Landseen ids Ptodukte des Klima's. — ^Temperaturanderung mlt der Hohe in BergULndcm 
und in der freien Atmosphare. 

Wbagoe, G. L.— Meteorological Observations made at Torrens Observatory, So«th 
Australia, during July 1885. (MS.) 

Wbiobt, p.— Bainfall, Temperature, and Sunshine in Montgomeryshire, daring ten 
years ending 1884. 

APPENDIX VIII. 

Reports op Observatories, &c. 

The Meteorological Office.— Lieut-Gen. R. Strachey, R.E., C.S.I., P.R.S., 
irman of Council ; Robert H. Scott, M.A., F.R.S., Secretary ; Captain H. 
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Toynbee, F.R.A.S., ^larine Superintendent ; Nav. Lieut. C. W. Baillie, F.R.A.S., 
Assistant Do. — The only change in the Council during the year has been caused 
by the resignation of Mr. de la Rue, who had been connected with the governing 
body of the Office since its reconstitution in 1867. Mr. de la Rue*s place has 
been taken by Professor G«orge Darwin. 

Marine MeiBorolaigy. — ^The investigation into the Meteorolo^ of the North 
Atlantic for the thirteen months August 1882 to August 1883 inclusive has made 
steady progress. Two charts have oeen drawn for each day, one showing the 
barometer and wind, the other the temperature of air and sea. The records of 
weather are inserted in both charts. Tne series for the first month, August 1882, 
has gone to press, and considerable advance has been made with those for the 
subsequent months. 

The Council have decided to take up the Meteorolo^ of the Red Sea, and 
charts have been prepared showing Winds, Currents, the Pressure and Tempera- 
ture of the Air, the Readings of the Wet Bulb, and the Temperature and Specific 
Gravity of the Sea SudEace for one month as a specimen. The results present 
mMiy features of interest. 

The Charts of Barometrical Pressure for all the oceans are in the engraver's 
hands. Like those of Sea Surface Temperature, they are only for the four 
months February, May, August and November. 

The Council have dfecided on the preparation of Monthly Current Charts for all 
the oceans, a work which wiU occupy a long time, but which may be expected to 
be of high value to the Nautical World. 

Part rV. of Contributions to our knowledge of the Meteorology of the Arctic 
Regions was published in 1885. It completes the series of expeditions sent out 
in search of Sir John Franklin's Eiroedition, except the vessels which passed into 
the Arctic Regions via Behring Strait. The meteorological results are for 
Princess Royal Islands, Mercy Bay, Dealy Island, Melville Sound, and Beechey 
Island. The observations made at these places have not before been fully dis- 
cussed. 

Weather Telegraphy, — Self-recording Aneroids have been supplied to five of 
the principal outlying stations, in order to aid the observers in reporting the 
changes which have taken place in pressure between the usual hours of obser- 
vation. 

Arrangements have been made with the Chief Signal Officer, U. S., for sending 
occasional telegrams to the Meteorological Office (1) as to storms which have 
been experienced by outward bound steamers, between long. 45° W and the 
United States ; and (2) as to derelict ships and ice passed on any part of their 
voyage. The system was modified somewhat in September, and it is hoped may 
nltimately prove of considerable service. 

Two new columns have been added on the last page of each Weekly Weather 
Reportj showing for each station the Accumulated Temperature of the week, both 
above and below 42° F. 

Two appendices have been given with the Monthly Weather Report^ viz. : 1. 
A report by Dr. W. J. Russell on the Impurities in London Air ; and 2. Table 
showing the Mean Monthly and Annual Rainfall at almost all the Stations men- 
tioned in the Weekly Weather Report for the twenty years 1866-85. These 
values are now used in preparing the Daily, Weekly and Monthly Reports. 

Land Meteorology of the British Islands, — The volume of * Observations at 
Stations of the Second Order for 1881 has been published, and that for 1882 is in 
hand, in a forward state. The volume for 1881 contains reports in extenso on the 
International Form A. from tliirty Stations, including fourteen in connection with 
the Royal Meteorological Societ}'^ and ^ve in connection with the Scottish 
Meteorological Society ; together with monthlv means and summaries for thirteen 
other stations, making forty-three in all, and the monthly duration and percentage 
of Sunshine at twenty-two stations. 

The monthly and yearly Rainfall values from thirtv-seven stations have been 
supplied to Mr. Symons, RR.S. for publication in his iritish Rainfall, 

Returns from ten stations have been supplied each quarter to the Registrar- 
General for Ireland for publication in his Quarterly Report: 

The Quarterly Weather Report for tlie year 1877 has been completed. 

The Hourlu neadings for 1883 have been published as far as September and 
the bulk of the remainder is in type, so that the whole of the year will be com- 
pleted in a few weeks. 
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The discubaion of the Air Wave caused by the great Volcanic Eruption in the 
Straits of Sunda in Au^st 1883, has occupied a good deal of time. A series of 
map8 has been prepared to show as far as possible the progress of the wave for 
intervals of two hours from its origin. 

The analysis, by means of Sir William Thomson's Harmonic Analyser, of the 
records of temperature for the seven Observatories of the Office for the twelve 
years 1871-1882 has been completed, and the results have been subjected to a 
somewhat severe series of trials in order to test their accuracy. The result of 
these tests has been extremely satisfactory ; and to mention only one portion of 
them, it majr be stated that they have shown that the mean temperature for a 
month obtained by the use of the machine may be relied upon as accurate to 
within five-hundredths of a degree. — Mareh dOth, 1886. 



Royal Observatory, Greenwich.— W. H. M. Christie, M.A., F.R.S., As- 
tronomer Royal. — The new apparatus for photographic record of the indications 
of the dry and wet bulb thermometers having been provisionally mounted under 
a suitable louvre-boarded shed in the south ground, was brought into regular 
use at the beginning of the year 1886. It is proposed for a time to continue the 
records with both the old and new apparatus, for the purpose of making com- 
parison between them. By the introduction of this new apparatus the time scales 
for all elements both magnetical and meteorological (twelve in number) are now 
identical. A maximum thermometer, a minimum thermometer and an ordinary 
thermometer have been mounted in a louvre-screen on the roof of the magnet 
Iiousc, and daily observations with these instruments have been taken since 
the beginning of the year 1886 for comparison of the temperature indications 
in this exposed situation with those of the standard thermometers in the magnet 
ground. The bulbs of the thermometers are 20 feet above the ground. 

At the beginning of last year a new eight inch copper rain-gauge was substituted 
for the old standard eight-inch gauge. The observations with the two other 
ground gauges were continued as before, thus preserving the continuity of the 
record. 

A Richard thermograph has been provided for use in the magnet basement, 
principally for more close determination of the small diurnal inequality of tem- 
perature of the room.— 'jP«6rt#«ry 1886. 



% 



Royal Observatory, Edinburgh. — Professor C. Piazzi Smyth, P.R.S.E., 
Astronomer Royal for Scotland. — ^During the year 1886 the meteorological ob- 
servations at fifty-five stations of the Scottish Meteorological Society have been 
calculated at the Royal Observatory, Edinburgh ; and the resulting numbers, 
with remarks upon them, have been communicated to the Registrar-Greneral of 
Birtlis, Deaths, &c. in Scotland, for that Officer^s Monthly and Quarterly Reports, 
where they have been duly and successively printed. 

The Astronomer Royal has also undertaken an inquiry, to ascertain practically 
whether the Wet-bidb Hygrometer was necessarily so sluggish and imperfect an 
instniment as many of the returns which passed through his hands seemed to 
indicate. First of all experimenting at home with the ordinary apparatus, he 
found it advisable to heighten and enlarge the ventilating chimney of the thermo- 
meter box ; to provide extra means of warding off solar radiation from three 
sides and the roof of the box ; to decrease the thickness of the muslin envelopes 
of the wet-bulb, and to test the automatic capillary action of the cotton wick by 
occasionally pouring water (distilled always) over the bulb, and watching the 
effect through half an hour. But these little points having been attended to, he 
was delighted with the sensibility and range of indications of this very simple and 
now popular form of Hygrometer. Secondly, taking part of the apparatus with 
him last summer in a tour through Worcestershire, and perambulating therewith 
both the alluvial valley of the Severn and the heights of the Malvern hills, — he 
discovered a most marked increase in the dryness of the air on risine above the 
level of the ordinary stratus mists of the plains, whether there was any thing of the 
kind actually visible at the moment or not ; this increase of dryness being of 
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the same order as, though less in degree than, (hat which he found thirty years 
ago on rising above the level of the North-east wind's clouds, some 3,000 to 5,000 
feet high^ on the slopes of the Peak of Teneriffe. These results, showing both 
the real innate efficiency of the Wet-bulb Hygrometer when carefully used, and 
the happy circumstances, in our damp climate, attending the elevated position of 
Great Malvem, he communicated in a paper to the British Association at Aberdeen 
last September. 

Rain-band spectroscopy has been kept up in Mrs. Piazzi Smyth's private Meteo- 
rological Journal as usual, and with many cases of notable advantage in judging 
of the day's coming weather. 

Two extensive papers bv the Astronomer Royal on allied subjects, viz. one on 
the Solar Spectrum, and the other on Gaseous Spectra, one illustrated with sixty, 
and the other with thirty plates, have been printed by the Royal Society, Edin- 
burgh, and are expected to be published m the XAXIInd. Volume of their 
TransaeiufM. and distributed towards the end of the present month.— JiEHwayjf 
8^1886. 



The Kbw Observatory of the Royal Society, Richmond, Surrey. — 
G. M. Whipple, B.Sc., F.R.A.8., Superintendent. — The several self-recording in* 
atruments for the continuous registration respectively of atmospheric pressure, 
temperature and humidity, wind (direction and velocity), bright sunshine, and 
rain, have been maintained in regular operation throughout the year. The tabu- 
lation of the traces has been regularly carried on, and copies of these, as well 
as of the eje observations, witn notes of weather, cloud and sunshine, have 
been transmitted weeklv to the Meteorological Office. 

The experiments with iJie photo-nephographs having proved satisfactory, it 
was decioed in June to take frequent pictures for the purpose of determining 
the rate of motion of clouds. Accordingly the telegraph cable uniting the two 
stations was buried in the ground, and tlie stands and electrical fittings were 
made fixtures. Between Jiuy 6th, when the installation of the apparatus was 
completed, and the end of September, when the experiments were brought to a 
close in accordance with the instructions of the Meteorological Council, 178 
cloud negatives were obtained on twenty-seven days, from these seventy approxi- 
mate determinations of the rate and direction of motion of clouds at heights 
Tvying from 3,000 feet to 70,000 feet have been secured. 

The preliminary discussion of the observations made with the six experi- 
mental solar radiation thermometers last year having indicated that the com- 
pleteness of the vacuum in which the black bulb thermometer was enclosed 
formed an important factor in determining its readings, new jackets with plati- 
num electrodes sealed in them were fitted to all the instruments. These were 
then, by the kindness of Mr. de la Rue, at his laboratory exhausted to a high 
degree and sealed hermetically, the vacua being in all cases so perfect that no 
electric current firom a battery of 12,000 de la Rue cells can pass between the 
platinum terminals, 7 centimetres apart. Two new thermometers have also been 
constructed on a plan suggested b^ Professor McLeod and exhausted to a some- 
what higher degree. The eight instruments, placed side by side on a stand on 
the Observatoiy lawn, have been read and set daily during the greater part of 
the summer. Comparisons have also been made between their readings whilst 
submitted to the raoiation from a standard Argand gas burner. 

Rally's Wind Integrator, after working successrully with electrical counters 
for some time, was simplified by the inventor, by the substitution of mechanical 
counters. These being found to work satisfactorily, Mr. Baily removed the 
instrument in May for the purpose of exhibiting it at the International Inven- 
tions Exhibition. 

The spare Beckley Anemograph to which the preceding instrument was at- 
tached has been dismounted, and together with the de la Uue recorder has, by 
direction of the Meteorological Council, been reconstructed as a Beckley recorder 
of the original type. 

The Meteorological Council having requested Mr. W. H. Preece, F.R.S., Elec- 
trician to the Post Office Telegraphs, to construct an electrical anemometer, and 
placed at his disposal an old Beckley Anemograph of the 1858 model, that 
gentleman had it ntted up, and it was erected on the Experimental House of the 

new BBBII8. — ^YOL. xa. a 
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Observatory. The velocity attachment has worked satisfactorily for the past 
six months, neither batteries nor connections having needed attention. The direc- 
tion gear has, however, occasionally required readjustment of its orientation after 
strong winds have blown, and is now undergoing alteration. 

A number of Hand Anemometers, by means of which the hourl^r velocity of 
the wind is determined from an observation extending over two minutes only, 
have had their scale values determined by direct comparison with the Standard 
Anemograph of the Observatory. 

The number of instruments verified during the past year again amounted to 
about 11,000.— January 13/A, 1886. 

Radcuffb Observatory, Oxford. — E. J. Stone, M.A., F.R.S., Radclifie 

Observer. — No change in instruments or in the method of observing has taken 
place during the year 1885. 

The anemograph, which had undergone considerable repair in the previous year, 
has worked satisfactorily. The photographic work, using, as in lormer years, 
the waxed-paper process, has been uniformly 8ucces($fid. 

Four rain-gauges are in use, two being near the ground, one at an elevation 
of 22 feet, and one on the Tower of the Observatory at 112 feet. Bright 
sunshine was registered during 1435 hours out of the iidS hours the sun was 
above the horizon, or 31 per cent. 

The highest temperature in the air, 85^*8, was recorded on July 25th, the lowest 
in the air being 23^*1 on December 11th. 

During the past year the mean temperature of the air was 48***6, being 0^6 
below the average tor the last 30 years ; whilst the rainfall was 25*997 ins., or 
0*443 ins. below the average. Between June 25th and August 5th, a period of 41 
days, only 0*163 in. rain fell ; this deficiency was partially covered by the niny 
months ^ptember, October and November, when the amounts were 4*392 ins., 
3*876 ins. and 3*579 ins. respectively. 

A bright solar halo, with parhelia, was seen on December 30th, and a lunar halo 
with paraselcnsc on September 24th. 

Weather reports have been supplied daily (by telegram) to the Meteorological 
Office ; bi-monthly to the U. S. Signal Office ; monthly to the Reristrar-General 
and the local newspapers ; and yearly to Symons*s BrttUh RainfaUt and to some 
eminent meteorologists by request. 

The Meteorological Results tor 1882 have been printed and distributed, and those 
for 1883 will shortly be in the printer's hands. 

The observations made in 1884 and 1885 are partly reduced. — January 22rdL 
1886. 



CAMBBiDaE Observatory.— Prof. J. C. Adams, P.R.S.— The meteorological 
observations have been carried on by Mr. H. Todd as in former years, tde- 
grams being forwarded every morning to the Meteorological Office, and the usual 
rain record to Mr. Symons. A half-yearly and yearly summary of the observa- 
tions is also sent to the Cambridge Chronicle, No change has been made in the 
instruments. — January 12M, 1886. 

Stonyhurst College Observatory. — Rev. S. J. Perry, P.R.S. — In addition 
to the general meteorological reports wliich have been sent as usual to the 
Meteorological Office, the Kegistrar-Greneral, the U. S. Signal Office, and the 
French Meteorological Society, a monthly report is now published in the 
Naturalist, Special reports are also forwarded to the Upsala Observatory, Mr. 
Symons, the Preston Guardian, &c. 

The upper glow continues to be observed with care ; the afterglow is seen at 
intervals ; but the day glow is never missing. The intensity in 1885 was quite 
equal to that of the preceding year. 

A paper by Dr. B. Stewart and the Rev, S. J. Perry has been read before the 
Royal Society on a comparison between the magnctograms of Kew and Stony- 
hurst. 

Sun pictures, 10^ ins. to the diameter, have been secured on 230 days. The 
drawings of 1883 have all been measured, aud tiiose of the other years afe pro- 
gressing i$irly,^JaHuary Qth, 1886« 
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General Reiiabks on the Naiono of Clouds. By Captain Henby Toynbes, 
F.B.Met.Soc., F.B.A.S. 

[Bead February 17th, 1886.] 

Having had some experience in training observers to record cloud observa- 
tions, I am strongly impressed with the fact that it is important to keep to 
Lake Howard's nomenelatorei leaving it to the observer to express by an 
additional word any peonliarity he notices in a particular cloud. 

My custom is to say that the two chief divisions of clouds are into '* high *' 
and ** low." 

These are subdivided into * threads/ ' rounded lumps,* ' uniform spread * or 
' sheet * ; and into those from which rain, snow or hail is fiEdling. 

It seems clear that Howard did not confine the name of cirrus to hair- 
like clouds, but intended the term also to convey the fact that the cloud 
was high ; for instance, there is nothing hair-like in cirro«cumulus or in cirro- 
stratus. 

We have then the following names for high clouds : — 
Cirrus. — A thread or hair-shaped cloud. 
CirrO'Cumulus. — Small, high, rounded masses. 
Cirro- Stratus, — High uniform sheet or patches. 
And the following names for lower clouds : — 

Cumulus, — Low (though sometimes reaching to a great height) large 

rounded masses. 
Cumulus (small). — ^Low but small rounded lumps. 
Stratus, — ^Low uniformly spread sheet or patches. 
Nin^ms, — ^Low or high masses of cloud from which rain, snow or hail 
is falling. 
Now it is manifest that there are at times clouds which are intermediate 
between the cirro-cumuli and the small cumulus ; and others which ore inter- 
mediate between the cirro-stratus and stratus. To meet such cases it seems 
best to leave it to the observer to decide which class the cloud ho sees is most 
like, and to add high or low to its name ; for instance, a cloud between cirro- 
cumulus and small cumulus may be recorded as low cirro-cumulus, or as 
small and high cumulus. The same method might be followed with a cloud 
which was intermediate between cirro-stratus and stratus. 

Again, a eumulus-shaped cloud may appear to be softer than an ordinary 
eumulus, and it may be recorded as soft cumulus. The same may be done 
in the case of cirro-cumulus when it has a soft appearance. 

Then again, cirro-stratus and stratus sometimes appear in separate patches 
instead of in sheets, in which case (detached) can be added to their names. 

Lastly, varieties of the nimbus might also be distinguished by words such 
as, sli^t, or heavy. 

Howard also gives the name of cumulo-stratus, which, according to his 
illii8tration» is a heavy looking cumulus having generally a dark flat bottom 
with one or jnore layers of stratus or cirrus about its sides or top. This cloud 
is worthy of a special name, as it is intermediate between cumulus and nimbusi 
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and is a sign of the breaking up of fine weather and of the £uling of a steady 
wind ; it is very commonly met with at the equatorial margin of a Trade-wind. 
Observers of the present day seem inclined to give this name to a cloud which 
is somewhat intermediate between a comolos and a stratns, bnt I would 
suggest that the appearance of such a cloud is flEurly expressed by soft cumulus. 

The above names are all given by Luke Howard, and with the additional 
words suggested they seem to meet all the distinctions which can be expected 
from ordinary observers. Until our cloud observers have discovered another 
cloud which has a distinct appearance and is always accompanied by an 
important type of weather, I would not add another name to Howard's list. 

Although not related to the naming of clouds, it appears to me that, con- 
sidering the difficulties there are in placing wind-vanes and anemometers, it 
would be well to ask observers at land stations to record the apparent speed 
of the lowest clouds, the direction from which they are moving, as well as the 
same facts respecting cirrus which are ahready asked for. Their speed mi|^ 
be expressed by three figures, thus : 1 slow, 2 moderate, 8 fast ; a dash under 
the 8 might represent very fast. I am keeping such a record daily, and find 
it easy and helpful. 



DISCUSSION. 

The Rev. W. Clement Ley, in a communication to the Secretary, said :---" I 
deeply regret that I have to express mv entire disagreement vriih the conclusions 
come to by mv valued friend Capt. Toynbee, in the paper which has just been 
read before this Society. When one to whose opinions on all matters of 
meteorological observation so much deference is due records his determination 
to keep to Luke Howard^s nomenclature of clouds, some of those who expect 
progress in a useful and important branch of weather knowledge must express 
regret. 

'' Before the dawn of synoptic meteorology Luke Howard's system filled a need, 
though it did little to promote inquiry. Since that era it may safely be made 
the basis of a carefully discriminating and eclectic svstem of terminology. But 
any endeavour to restrict ourselves to its use, cuts on the possibility of obtaining 
what becomes more and more necessary, viz. the power of either communicating 
from distant localities the actual aspect of the sk^, so that this may be represented 
Hynoptically, or of recording such an aspect m a journal so as to call up any 
vivid idea of the observed phenomena to the reader of the journal. I believe 
that ten thousand years of observations conducted on Luke Howard's system 
(adhered to without improvement) would give us an absolutely futile record. 

" I am too well aware that the title cirro-eumultis is commonly given to any 
patches of stratiform cloud when seen somewhat near the zenitn, because such 
clouds are structurally composed of nubecules detached from, partially united to. 
or welded with, one another, and that such cloud conunonly acquires the name of 
cirro-stratus, or stratus (at the option of the observer^, when it is seen near the 
horizon. But none of the destructive criticisms which I have ever offered to 
Howard's terminology appear to me equal in severity to those of the author of 
this, paper. For J shotdd hesitate to say that Luke Howard himself intended to 
apply the name of cirrus^ or the prefix cirroy to clouds in which there is nothing 
' hair-like at all.' 

" Then what is to be said for the title nimbus? A snow-shower falling from 
a patch of cloud less than 1,000 feet in thickness, a massive hail-cloud several 
miles in height, but perhaps of exceedingly circumscribed area, the steadv rainfall 
of a composite cloud-bank extending over 40,000 square miles or so of the euth's 
surface, are all to be comprehended under a single name. Our own language is 
to be congratulated for the non-possession of so comprehensive a term* 
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''As for eumulO'8tr€UuSj it ig a name destined I Beltcvolt^ be retained, but I 
hope that its unhappy associations will be forgotten. At pre^^t I know of no 
cloud excepting actual cirrw to which the title eumuto-airatits jis*nat applied by 
one or other observer, and so entered in reports which are treatet) a& of scientific 
value. A eumuhu spreading out into layers of stratus about its summft, a.^ con- 
trasted with a eumulw spreading out into a really cirriform crown, •^i?*!^ 48:1 
believe, rather the sign of the continuance than the breaking up of fine we^e^' 
The confusion, however, between these two tjrpes of cloud was scarcely so much 
due to Luke Howard himself as to his illustrator, and for the ever-ramifying 
confusions which have subsequently developed themselves later observers are 
responsible. 

<< I have the authority both of the Hon. R. Abercromby, now I believe occu- 
pied in stalking cyclones in the East, and of other acute observers who have 
travelled widely, for the statement tnat clouds are to all practical purposes 
similar all over the world. I believe that local varieties can be counted on the 
fingers of one hand. Clouds are objects that lend themselves with some facility 
to classification. But such classification must be based essentially on stnictural 
differences and the physical processes which produce them, if it is to acquire the 
utility which is possible in synoptic meteorology, and in the diagnosis and prog- 
nosis of weather.** 

Capt D. W. Barker considered something simpler than the Rev. Clement Ley's 
classification of clouds was required for the use of ordinary observers, and 
thought that if Capt Toynbee's simple classification were made more generally 
known a satisfactory solution of the cloud question might be arrived at. 11^ 
(Capt Barker) favoured a still more simple classification. Observers wero 
commonly falling into error in calling clouds by wrong names, the cirro-cumulus 
particularly ; all sorts of stratus being commonly noted as eirr(hcumulus instead 
of stratus. It would also be a good uiing if observers recorded the velocity of 
clouds in the way suggested by Capt. Toynbee. He kept a record of cloud 
v^ocities on this plan, and found it to be very useful. 

Mr. Archibald said that Capt. Toynbee's classification coidd be used by some 
persons where the number of Mr. Ley's definitions would be too great, but he 
thought the chief thing to be consiaercd was the object of the observations, 
whether they were for use in a scientific investigation or not. He was of 
opinion that three classes of cloud would be sufiicient for observation at sea, 
and that the nmbus form might be dispensed with. He was glad to see 
eumido^trcUus absent from Capt Toynbee's list, as he believed there was a great 
deal of confusion among observers respecting this class of cloud. It was very 
desirable that in future the scientific nomenclature of clouds should be based 
not merely on structural differences, but also on their differences of altitude. 
Each variety of cloud had its own level, and it certainly was essential that this 
should be taken into consideration in the classification of cloud forms for 
scientific purposes. For ordinary observations, however, something simpler 
would suffice. 

Dr. Tripe objected to Mr. Ley*s cloud names, as being too numerous and 
too complicated, and, to a certain extent, failing to convey « definite idea 
of cloua form. For ordinary purposes he thouglit that something simpler 
was desirable, and the fewer the names within certain limits the better. Two 
years ago he remembered seeing a magnificent cumulus cloud moving from West 
to East across a perfectly clear blue sky, and in its passage he observed little 
pieces being as it were torn off the top of the cumulus cloud and left in its 
trail by a fierce wind blowing from East to West The track of this cloud was 
marked along the sky by the thin wispy hair-like pieces of cloud which covered 
the sky behind and could only be called cirrus. He thought as there are two 
distinct forms of cirrus clouds at different heights, which are formed by different 
causes and are in different states, i.e. one ice and the other vapour, they should 
be differently named. 

Mr. SOOTT said that at the Meeting of the International Meteorological Com- 
mittee held in Paris last year. Prof. Tacchini had made some remarks similar to those 
just uttered by Dr. Tripe, and Prof. Hildebrandsson had replied that he usually 
isikUed these low cirrus douds " false cirrus,^ in order to distinguish them from real 
cirrus. It had also been frequently remarked that no rain or hail fell from a 
0tmMliH$ cloud unless these streaks of ** false cirrus *' appeared above it. 
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Mr. Whipple sog^esfe^ that the time had arrived when the Societjr ahoiild 
appoint aComaHtiB^'to inquire into the question of cloud claisification and 
nomenclatui:jB.\ 19b thought a standard diagram of cloud fomnB should be decided 
on, as 'he belfeved that observers were chiefly guided hy diagrams in the 
recpipi^n of cloud forms, and the only good diagram at present readily 
Acb^sible was that issued by the Meteorological Office. It would be a good 
/tiiJb^for the Society to prepare a standard diagram representing the various 
|ypical cloud forms, in order to meet more modem ideas than those of Luke 
" Howard. It was certainly desirable that an uniform system of cloud observing 
should be established. 

Mr. Symons said that the nomenclature of clouds was a large and difficult 
question, and he doubted if the time had arrived for any one Society to under- 
take a settlement of the question. He thought the International Meteorological 
Conmiittee was the proper body to deal with the subject It was well to remem- 
ber that a number of scientific men were working at this subject, and the more 
advisable plan to follow would be to let them continue their researches for some 
time longer, so that when a settlement is effected it should be a lasting one. 

Capt. ToYNBEB said, in reply to Mr. Ley, that he did not. wish to throw exM 
water on the work of those who, like Mr. Ley himself, were making a special study 
of the clouds ; far from doing so, he wished that more would take up the sulgecL 
Where he differed from Mr. Ley was in his desire to keep to the few well-known 
broad types, and to express differences by an explanatory word or two, which 
could not be mistaken by ordinary observers ; instead of giving a new name and 
sketch for each grade of difference. His opinion was, that;cloud ol^rving la difficult 
to ordinary observers, and that no new cloud-name should be accepted until it 
could be shown to represent a cloud which could be easily distinguished from 
other clouds, and which was related to an important type of weather. He quite 
agreed with Mr. Symons, who thought that the time had not yet come for a Com- 
mittee to be formed to consider the naming of clouds, but that a good deal 
more work was needed from cloud observers ; he therefore did not Agree with 
Mr. Whipple's proposal. Capt. Barker's remark as to the wpearance of etfintclo- 
stratus with the North-westerly wind after a Northern Hemisphere Cyclone, 
when the weather is about to improve, was in accordance with his own remark 
that cuMulo-ttraU appear in the equatorial regions between a steady Trade and 
the Doldrums. They are a sign of change of weather either from settled to un- 
settled, or viee vsrsSL In the neighbourhood of a doldrum the change of weather, 
from settled to unsettled or vice versA, depends on which way the ship is going, 
as the doldrum changes its position very slowly ; whilst with the cyclonic systems 
of high latitudes, the change of weather depends chiefly on the track ana speed 
of the system itself, though a ship's course and speed have much to do with it.. 



On the Thiokness of Shower Clouds. By Abthub W. Cultden, M.A., 
F.G.S., Bath College. Commonicated by Walteb Bailt, M.A., 
F.B.Met.Soc. 

[Bead February 17th, 1886.] 

No doubt most people have noticed that there is some connection between 
what is called the '* blackness ** of a cloud and the heaviness of the shower 
which falls from it. Now '< blackness'* is roughly proportional to thickness ; 
so I have been led to make a number of measurements of the thickness of 
shower clouds, to see if the popular impression rested on any scientific basis. 
The first step was to find some method of ascertaining the height of the 
base of each cloud above the ground. The methods employed at Eew and 
Upsala had not been made public when I began my observations, nor indeed 
could I h^ye Oftsily availed myself of (heui, having to wor)L lUope. Tbo 
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meanf I adopted give a result which, when applied with sufficient care, 
is aecorale enough for the immediate purpose in view, especially when the 
ill-defined surfiEtces bounding a cloud are taken into consideration. The 
method is dependent upon intervals of sunshine and the presence of clouds 
8o dense as to throw a fairly sharp shadow; conditions which militate 
against its general value, but which do not interfere seriously with the 
special object in view, namely the measurement of cloud thickness ; this from 
its very nature necessitating sufficient breaks in the cloud stratum to enable 
its upper surface to be seen. 

The instruments required are an azimuth compass and a sextant. 

If the observer stand at some spot not much above the level of the sur- 
rounding country, but from which he can command an extensive view, he 
will find that as the clouds pass over on an ordinary showery day with 
bright intervals between them, he will have no difficulty in selecting some 
corresponding points of cloud and shadow. He will not be able to do so 
with every cloud, but unless the conditions are very unfavourable he will 
not have to wait long. 

Supposing both cloud and shadow to be approximately equidistant from a 
▼ertical plane drawn through the observer at right angles to that in which 
the sun lies ; then both cloud and shadow will be in a plane at right angles 
to the direction in which the observer looks, and the shadow and the point 
Tcrtically beneath the corresponding part of the cloud will be equally remote 
from him. Now let the position of some part, say the furthest edge, of the 
shadow on the landscape be noted, a horizontal line rapidly traced from 
this point until it comes under the cloud, and the angle between this and 
the corresponding part of the cloud measured with the sextant. I am aware 
that these directions sound vague, but it is easy with a little practice to 
follow them rapidly, and to make the measurement of the angle three or four 
times consecutively with only a very small percentage of error. 

Let B be the observer, A the point of the cloud, and C the point vertically 
beneath A ; then 




FXQ. 1. 

AG = BO tan. ABO, 

of which BO is equal to the distance from B to the point of shadow whose 
position on the landscape has been noted. This distance is easily found by 
direct measurement on a good map. 

Next suppose the sun and the cloud to be in the same vertical plane with 
the observer. Let A be the point of the cloud, the corresponding shadow 
IP tbe observer apd D the point vertically beneath A, In the trian^e ABO, 
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the angle A B is measured ; and the angle A C B is the same 
angular altitude of the son ahove the horizon, so that is measured, 
the position of C and measure ABO, 



the 
Note 




Hori/tow 



Then AD = 



Fio.2. 

B C sin. ACB x sin. ABO 
sin. BAO 



BO is fonnd, as above, bj referenoe to the map. 

Finally, in ease neither of the above methods can be adopted owing to the 
required positions being unattainable, a measurement can still be obtained. 
The method is slightly more difficult to use, but if the clouds are not moving 
rapidly it gives an equally exact result. 

Let A be the point of the cloud, the corresponding shadow, B the observer, 
BH and OH' two horizontal lines in the same vertical planes with the two 
parallel rays from the sun SB and S'AO respectively. 

With the compass measure the angles HB£ and DBO; and with the 
sextant measure the angle ABD. Note the position of 0. 

From HB£ we get DOB, and from DOB and DBO we get BDO. 




Fio. 8. 



Now BD = 



BO sin. BOD 



sin. BDO 
but AD = BD tan. ABD 

BO sin. BOD x tan. ABD 



therefore AD == 



sin. BDO 



By carefully selecting a favourable opportunity and employing one or the 
other of the three methods given above, I have seldom found three or four 
determinations of the height of the same cloud depart so much as five per 
cent, of the whole from their ipean, 
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It will at <mee be notieed that the most oommon fbrm of shower clond is 
fouijbly pyramidieal, haTing a broad flat base, and that if a nnmber of saeh 
elonds are visible at the same time, their bases all lie in the same horizontal 
plane, whieh mi|^t be oonvenientlj designated the '* clond-line;'* Moreover, 
this elond-line only alters its altitude somewhat slowly, remaining practically 
constant for an hour or sometimes very much longer. Hence, if a reliable 
determination can be arrived at with one clond, the height of the base of any 
other clond in the same stratnm may be assnmed to be the same if the interval 
of time has not been great. 




Fia.4. 

To measnre thickness, let D be the summit of the clond, A a point in its 
base as near as can be judged vertically beneath D, C the point on the horizon 
beneath this, and B the observer. Then DO, the height of the summit, is to 
AC, the hei^t of the base, as the tangent of the angle subtended by DO is 
to that subtended by AO. But AO has ahready been ascertained — 



Hence AD = 



AO tan. DBO 
tan. ABO 



- AO 



80 that all that is necessary is to measure the two angles DBO and ABO. 

It is hardly needful to remark that a single measurement should only be 
accepted when confirmation is impossible. 

In the following table every measurement has been checked by two or 
three repetitions, and the greater number of them are the mean results 
deduced from five or six determinations. They were made between the begin- 
ning of April and the end of September 1885, whenever a good opportunity 
could be taken advantage of. 



No. of Clouds 


Height 0! Base. 


Thioknees. 


Character of 


observed. 


leet 


feet. 


falling fromi 


14 


700—2,000 


600—1,900 


None 


2 


1,000—1,100 


800 


Very small 


6 


1,000 


1,000 


Small 


1 


1,900 


1,000 


Small 


2 


1,100 


1,200 


Small 


8 


1,000 


1,500 


Small 


8 


1,200 


1,800 


Small 


4 


1,200 


2,000 


Small 


1 


900 


2,000 


Small 


8 


1,800 


2,200 


Medium 


4 


1,000 


2,500 


Medium 


8 


1,200 


8,000 


Medium 
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No. of Clouds. 


Height of Base. 


Tbicknesf. 


Charaotar of Dropt 

falling from Cloud. 


observed. 


feet. 


feet. 


2 


1,400 


4,000 


liarge 


1 


1,600 


4,100 


Bather large 


1 


1,200 


4,200 


Large 


2 


1,400 


4,400 


Large and cold 


2 


1,700 


6,000 


Large and cold 


1 


1,800 


G,000 


Large and hail 


1 


900 


6,100 


Very large 


1 


900 


7,900 


Hail 


1 


1,800 


10,800 


Heavy hail, hard frozen. 



Many other measurements have been made, bnt being isolated observations 
they have been omitted, although they entirely agree with the above. 

It will be noticed that when clonds of the type called shower clouds have 
a thickness of less than 2,000 feet, the rain will be slight ; and that as the 
raindrops increase in size and decrease in temperature the thickness of the 
cloud also increases; until the clouds from which hailstonns come may 
reach a thickness of over 10,000 feet. 



On the FoRiiATiON OP Rain, Hail and Snow. By Arthur W. Glatden, 
M.A., F.G.S., Bath College. Communicated by Walter Baily, M.A., 
F.B.Met.Soo. 

[Bead February 17th, 1886.] 

Some measurements made by me during the summer^ of 1886 have derived 
the following conclusions, viz. That clouds of less than 2,000 feet in thick- 
ness are not often accompanied by rain ; and if they are it is only very gentle, 
consisting of minute drops. With a thickness of between 2,000 and 4,000 
feet the size of the drops is moderate. As the thickness becomes greater the 
size of the drops increases, and at the same time their temperature becomes 
lower, until, when the thickness is upwards of 6,000 feet, hail may be produced. 
Thus— 



No. of Clouds 


Height of Base. 


observed. 


feet. 


14 


700—2,000 


22 


900—1,900 


10 


1,000—1,800 




1,200—1,600 




1,400—1,700 




1,800 




900 




900 




1,800 



Thiokness. 
feet. 

600—1,900 

800—2,000 

2,200—8,000 

4,000—4,200 

4,400—6,000 

6,000 

6,100 

7,900 

10,800 



Character of Drops 
falling from Clouds. 

None 

Small 

Medium 

Large 

Large and cold 

Large and hail 

Very large 

HaU 

Heavy hail, hard fxoz^* 



1 3ee Paper on the Thickne»$ of Shower Clouds, p. 102, 
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These frote point to the concloBion that the great thiokness, or rather perhaps 
altitude of the upper snr&ees of the three clouds from which hail was observed 
to fjEdl, had some coimection with its formation. In the last case the hailstones 
were quite opaque, about ^ inch in diameter and } inch in length ; so cold 
that they did not begin to thaw for several minutes after they fell, although 
the temperature of the air shortly before the storm had been 56°. They 
were so soft that a handful of them could easily be compressed into a kind 
of snowball. Finally, they showed a sort of radiated structure, as if minute 
needles of hoar-frost had formed around a solid nucleus. 

My own oondusions fit in so exactly with popular impressions that I have 
naturally been led to inquire whether an explanation may not be found which 
shall account for the £Mt8. 

First — What is a cloud ? No doubt it will be generally admitted to be a 
portion of the atmosphere saturate^ with water- vapour, and containing a 
large number of particles of true liquid water. It may not be out of place to 
remark here that if there be any truth in the suggestion that the ultimate 
partieles of liquid water are small groups of the true gaseous molecules, it 
may well be that the particles peculiar to cloud and mist are such groups. 
Be this as it may, there is little doubt but that the essential cloud-particles 
are true liquid, and that they are suspended in a saturated atmosphere. 

It seems usual to explain the formatim of rain-drops by supposing these 
cloud-particles to collide and run together until the resultant drop is large 
enough to fall. Now it is difficult to see how such a conjunction can be 
brought about, and no explanation is ofiered as to why no rain whatever falls 
from clouds of greater thickness than others from which an abundant drizzle 
comes ; nor is it possible to see why all the drops of a heavy storm are large. 
Finally, the connection between cloud thickness and the character of the 
precipitation is scarcely explicable. 

When a vapour is cooled by its own expansion consequent on a diminu- 
tkm of pressure, as in the receiver of an air pump, it assumes the form of 
Busty minute liquid particles being formed throughout the mass. Hence, if 
a doad were cooled by expansion consequent on a rise in altitude, the only 
result would be the formation of more doudrpartides from its saturated 
atmosphere. So far as the present state of our knowledge goes, we have no 
reason to conclude that such a mode of cooling could bring about the forma- 
tion of a drop. 

Suppose, however, that some of the liquid cloud-particles are cooled, say 
by radiation, to a temperature ever so little below that of the saturated atmo- 
q^here surrounding them ; the result must be similar to that of the introduc- 
tion of a cold body into a warm, damp room. That is, a film of moisture 
will condense all round it, or rather, other liquid particles will be deposited 
upon it, until the heat evolved from the condensation has warmed the mass 
up to the temperature of the surrounding air. 

Such a preliminary loss of heat by radiation cannot easily occur at the base 
of the doud, where the particles would rather tend to gain heat from the 
Wth ; nor would it be likely to take place within the ck>ud, owing to the 
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adiathermio atmosphere ; but at the npper surfaee it is just what we should 
expect to find, the particles radiating their heat to the cold upper regions of 
the air. It may be objected that this upper sur&ce would also be most 
rapidly warmed by the solar heat, but the objection is of little weight, beeause 
just those solar rays which would warm the transparent particles most rapidly 
will have been ahready absorbed by the upper regions of the atmosphere. 

All observations tend to show that, except under quite abnormal eonditioDBy 
the temperature of the atmosphere falls as the height above sea-level increases ; 
and there seems no reason whatever for assuming that the law does not ap]^ 
to that portion of the atmosphere which forms a cloud. Hence, if a drop 
be formed, as is suggested, at or near the upper surface of a cloud, it will 
descend into a region saturated with vapour at a temperature above its 
own. The result will be further condensation producing a larger drop ; 
and this process will continue until it leaves the cloud. If its temperature is 
below the dew-point of the air through which it falls, condensation will continue 
until it reaches the ground. However, it is obvious that this subsequent gain 
cannot bear any very large proportion to its growth while &lling through the 
saturated cloud, from which the conclusion follows that the size of the drop 
must increase with the thickness of the cloud. 

Now the velocity with which the drop will M is slow at first, increasii^ 
rapidly until it reaches a certain msibnum. Hence it will move filter as it 
traverses warmer regions, and will not have time to come into thermal equi- 
librium with one stratum before it has passed on to another warmer still. It 
thus follows that the temperature of the drop as it leaves the cloud, especially 
if it be large, will be lower than the average temperature of the doud; and as 
this is dependent on the respective temperatures of its base and upper 
surface, the drop must become colder as the thickness of the cloud increases. 
Suppose the first minute drop were formed at so great a height that its 
temperature were to be below 82^, it is not necessary to suppose that it would 
solidify. On the contrary, as Despretz, Dufour and others have shown, such 
minute drops may be cooled to — 4^ without freezing. Such an intensely 
cold drop will fieJl slowly, growing from the effects of condensation until it is 
large enough to freeze. It will then solidify, its temperature rising to 82?, 
and will be a small rounded particle of ice. If it is still above the snow-line 
it will cool below 82^, and subsequent condensation will be frozen around it 
until its temperature reaches the freezing point, after which it will begin to 
thaw, and the nucleus of ice will be surrounded by a layer of ice-cold water 
until it is all melted. Under these circumstances a hailstone will be first 
formed, which will generally consist of a nucleus of ice with a wet and partly 
thawed exterior. But if the hailstone is cold enough when it crosses the 
snow-line it may reach the ground before its temperature has risen hi^ 
enough for thawing to begin. In such a case the hailstones would be hard 
frozen and dry, such as those which fell during the storm in which the obser- 
vations quoted last in the table were made. 
It vrill be noticed on reference to the table that all the clouds from which 
pi has been observed to fall reached a height of 7)000 feet. The snow-Jin^ 
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over the South of England is probably somewhere between 6,000 and 7>000 
feet above sea-level ; so it is seen that in all cases of hail that I have been 
able to measnre the npper sor&ce of the clond most probably had a tempera- 
ture below 82°. 

If the original cooled particle be sufficiently cold it will solidify before con- 
densation begins, and subsequent additions to it will pass direct from the 
state of vapour to that of the solid, so forming a crystalline snow-flake. 
This will increase in size until it reaches the snow-line, but will not attain 
any great velocity owing to its feathery form. The slow fiedl will have one 
▼ery important result, namely, that the temperature of the flake will have 
time to all but a4just itself to that of each stratum of air as it passes through 
it; unless, owing to some unusual cause, the temperature of the air fall more 
rapidly with the altitude than ordinary. In either case, when it passes the 
snow-line, it will condense water from the warmer parts of the doud upon 
itself, this water freezing around the crystals and partly destroying their 
crystalline form, until the temperature of the mass has reached 82°. In the 
immense majority of cases this will soon take place owing to the large surface, 
but in the rare exceptional instance indicated above, the addition of ice might 
quite destroy the crystalline form. Indeed the fall of irregular masses of ice, 
neither exactly hail nor exactly snow, may not impossibly be accounted for 
in some such way. When such flakes or ice lumps descend through a warm 
atmosphere they will rapidly thaw, so producing a fall of either sleet or cold 
heavy rain. 

It is thus suggested that condensation begins on the upper surface of the 
olond by the cooling of some of the liquid cloud-particles. If one such particle 
be cold enough it will solidify, and snow will be formed. Should it not be quite 
oold enough to solidify at once, owing to its minuteness, but remain still 
below the freezing-point, hail is formed. Finally, if the temperature be not 
low enough for either snow or hail, rain is produced. 

Of course it is impossible to give an exact definition of either hail or snow. 
They pass through a great variety of intermediate forms from one to the 
other. The typical hailstone is a hard semi-transparent piece of ice, not very 
much unlike what a frozen raindrop would be ; while the typical snowflake 
consists of the well-known six-rayed crystals. But hail is often quite opaque 
and of a somewhat spongy texture, strikingly like a little ball of hoar frost ; 
and snow frequently falls in very similar little rounded balls. In winter 
people often give the name of snow to what they would not hesitate to call 
hail in the summer. The £Eusts point irresistibly to the conclusion that both 
have a common origin, differing only in degree. 

If the original cooled cloud-particle be sufficiently cold to solidify as soon as 
it is large enough to form one of the ultimate particles (molecules) of the 
BoHd, a true snow-crystal should result. If, on the other hand, it cannot 
solidify until a distinct drop is formed, hail should be produced. Should it 
solidify at any intermediate size some intermediate form should follow. 

As we rise above sea-level the temperature steadily falls until we reach the 
8Dow-line, above which the temperature remains always below 82^. At a still 
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greater height wo shall reach another line above which the temperaiare will 
always be below that at which the cloud-particles will solidify on cooling. 
Hence it is possible to divide the atmosphere at any given time into three 
zones : first, that in which the conditions are those required for the produc- 
tion of rain ; second, that in which the conditions would form hail ; and lastly, 
that where snow would originate. Let us call the intermediate zone the 
hail zone. 

Now temperature fisdls with increased altitude most rapidly neaxesi the 
Poles, and least rapidly near the Equator. From this it follows that the hail 
zone will be very thin in Arctic and Antarctic regions, so that if hail were 
formed at all the hailstones could only be so very small as to escape recogni- 
tion as such.^ On the other hand, where the hail zone is very thick, hail will 
be formed most often and the hailstones will reach the largest size. In 
temperate climes the summer conditions approximate those near the Equator, 
and in wintea the circumstances are more like those near the Poles. It is thus 
seen that we should .expect haibtones to be the largest and most frequent in 
tropical countries ; more abundant in summer than in winter in temperate 
climates ; and almost imknown in very high latitudes ; showing a eonplete 
accordance between theory and £Etct. 

Hail is rare on the lowland plains within the tropics, probaUy because it 
is seldom that a cloud rises sufficiently high to reach the hail zone ; and wheh 
it does do so it will be still more seldom that the hailstone will be cold enough 
to pass through all the 18,000 feet of air above 82^ without melting. It is 
particularly large and abundant on tropical table-lands, because there the hail 
zone is at its maximum thickness, and there is no greater thickness -of warm 
air to fall through than there is in temperate zones. 

Hailstones often show a somewhat concentric structure, film after film 
having been frozen around the central nucleus. Sometimes the central por- 
tions are opaque, as if the earlier part of the condensation had been deposited 
round the cold nucleus in the form of hoar-frost ; while the external parts are 
more transparent, as if there the ice had passed through the liquid state. It 
will at once be seen that these facts are what we should expect if the proposed 
theory were correct. 

In a given hailstorm all tho hailstones which fall within a few yards of each 
other, and within a few seconds of time, resemble each other so strongly as 
to show that there must have been some common factors in the causes which 
produced them ; and that their peculiarities cannot possibly have been brought 
about by accident, such as the collision of two and their freezing together. 

It seems usual for the authors of books which bear upon this sut^ject to 
speak of the formation of rain as if it were simply a step further than oloud 
in the condensation of vapour. If the temperature at which this further oon- 
densation takes place is above freezing-point, rain is formed ; if below, snow. 

1 On the morning of December 10th, 1885, there was, in the neigfaboorhood of Bath, 
a slight fall of what every one called snow ; bat it consisted of nomben of round par- 
tiolea of clear transparent ice, varying from ^ in. to |^ in. in diameter. That is, it 
was really very fine bail. 
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No attempt is made to say how condensation is brought about, nor to explain 
the formation of large and small drops. They then speak of hail as if it were 
rather an inexplicable phenomenon, and endeavour to account for it either by 
calling in the aid of some vague electrical action, or by supposing that drops 
of rain in falling from a height traverse a stratum of air so intensely cold as 
to freeze them bodily. 

The electrical theory is supported by the fact that thunderstorms are often 
accompanied by hail. But thunder often comes without hail ; and hail is 
often unattended by thunder. Moreover, thunderstorms are especially 
firequent in just those lowland tropical plains from which hail is generally 
absent. 

The frozen rain-drop theory makes no attempt to explain the peculiarities 
of structure often seen in hail, and it seems impossible to see how they 
arise if that theory be true. Again, the supposition of the cold stratum below 
a wanner one, although perhaps not altogether contrary to experience, is 
certainly uncommon, and it is extremely difficult to conceive such a stratum 
exiating without showing any trace of its presence by a line of cloud or some- 
thing of the sort. It seems that hail would have to be formed when there 
were several layers of cloud above each other, a condition which is certainly 
not satisfied during very many hailstorms. It is a matter of fact that hail 
clouds differ in no particular from rain clouds except in that their upper sur- 
faces reach a greater altitude. 

In the theory which it is the object of this paper to lay before those best 
qualified to discuss such a question, no assumptions have been made which 
are not in strict accordance with fact ; it explains, so far as is possible in a 
short space, numerous peculiarities not approached by any theory before the 
public ; and finally, it shows that the common phenomenon of hail requires no 
exceptional conditions of the distribution of temperature in the atmosphere, 
nor indeed any others than a graduated difference of degree from those which 
would produce the yet commoner phenomena of rain, snow and sleet. 



DISCUSSION. 

Mr. G. Dines said he had at different times thrown out suggestions as to the 
formation of rain drops, but could never muster up courage to write a paper on 
the subject. It was a most difficult question, ana he felt that a great part of 
what he might say was little better than mere conjecture. He should coniine 
his remarks to the formation of rain-drops. There were strong arguments 
against the theory advanced in the paper that the drops were formed by con- 
densation. When condensation of vapour took place heat was set free, and part 
of this heat might pass into the outside air, but he had little doubt that a great 
part would be received by the drop and would soon warm it up so as to stop con- 
densation. Sir John Herschel had written a paper on the subject, but he (Mr. 
Dines) had not seen it, he therefore referred to Mr. Symons*s summar}- of it. 
This would be found in a paper^ read at the British Association Meeting at York, 
which paper had been the means of removing one great stumbling block out of 
the way of meteorologists. The words used by Mr. Symons were tnese : — " The 
theory that the growth of the rain-drop by the condensation of particles of 
vapour floating in its path was adequate to exnlain the elevation difference wus 
demolished by Sir John Herschel, who showea that the latent heat of steam, 

1 See Sfpmm»*t BritUh Raimfall ISSl, page 43 ; albo Sir W. Thomson's Bemarks, page 46. 
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being about 1,000° F., droDs of rain, if they acquire an increase of weight amount- 
ing to 1 per cent, by conaensed vapour, must m so doing have their temperature 
raised 1&, If theyacquire an increase of 5 °lot they must have their temperature 
raised about 50°." These words were rather strong against any condensation theory. 

If the Fellows referred to his (Mr. Dines^s) paper on Evaporation,^ it wonid be 
seen how slow the process of condensation was upon the surface of ice. He had 
repeated the experiments on Monday last ; the results might be put as follows :— 
If a ball of ice were suspended in the room, it would take from fifteen to twenty 
minutes to increase its diameter 0^1 in. by condensation. On this point he 
spoke with some certainty. The lower the temperature, the slower the condensa- 
tion. He was well aware that the surrounding circumstances were different — a 
rain-drop was in motion, he did not know how long it was falling to the earth ; 
but notwithstanding these differences, he looked upon it as almost an impossibility 
that rain-drops could attain to the size they did by condensation. 

He had made observations as to the temperature of rain-— on one occa^ 
sion when there was a considerable quantity of hail mixed with the rain, he was 
surprised to find the temperature 54^ He had seen it as high as 70^. He could 
not recall any instance when the temperature had been below that of the dew- 
point, but more frequently than not it was above that of the air. He could only 
account for these high temperatures by supposing that the rain was wanned by 
its friction through the air, and by the stoppage of its motion. If this were so, 
it gave back to the earth a part of the heat tnat had been taken away l^ eymponr 
tion ; at all events it showed that there would be no condensation on the rain- 
drop for some time before the drop reached the earth. On one point they were 
agreed, namely, that all the rain which fell upon the earth must at some time or 
the other have left it in the form of vapour. As the saturated air left the earth, 
it was cooled by the work which it performed in expanding, and a part of the 
vapour was converted into water and formed cloud. 

By passing a fixed quantity of air through sulphuric acid, he had endea- 
voured to find what quantity of these clouds or water particles were held in 
suspension by the nir. Taking a fog cloud (when the temperature was generally 
low), it did not exceed one grain in weight per cubic foot of air. In a dense 
cloud like that made in a laundry on washing days, when the temperature was 
about 70°, it had at times amounted to three grains. From some observations 
which had been recently made by his son, Mr. W. H. Dines, F.R.Met.8oc., he was 
inclined to think these amounts were under estimated, as sulphuric acid did not 
dry the air so rapidly as was generally supposed. As the temperature of the air 
increases, it is enabled to Iiold a greater quantity of vapour without being saturated. 
(Query — Does anything of this kind apply also to the particles of water held in 
suspension by the air ; and if so, is there any limit in the latter case as in the 
former?) His next attempt was to get at the size of these water particles. 
For this purpose he used a small brass vessel, fitted to the stage of his microscopci 
through which cold water was made to circtdate so as to keep the surface just 
above the temperature of the dew-point ; as the drop fell tne size was easily 
ascertained by placing a micrometer in the eye-piece. 

In a fog cloud the sizes of these particles were very irregular, some aa large as 
0*045 in. in diameter, — these fell sufficiently fast to be flattened by their fidl. 
In the laundry, where the air was comparatively still, the drops, or rather 
particles of water, were much smaller and more even in size ; he estimated Uie 
diameters to be from 0*00033 to 0*00025 inches. In making these observatioiis 
an unexpected sight presented itself; he had on several occasions seen these small 
drops or particles of water floating in the air, they were in motion, botii horinni* 
tally and vertically, but the motion was so slow that they remained in the focus 
of the object glass long enough to get a good view of them before they touched Uie 
stage. Dj <udcidation he found that it would require about one thonaaad 
millions (i,000,000,(XX)) of these drops to make up three grains in weight. It 
appeared to be almost incredible that a cubic foot of air could hold this number 
of perfect water drops in suspension, but he did not think he had oyer-eatimated 
the amount 

The theory which he had formed in his own mind as to the formation of rain- 
drops, but wnich he did not for a moment consider as original, was this . Supposing 

1 Praceedingt •f tkt Meteorolojfical Society, yd. y. page 201. 
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• 

the diameter (</) of one of these small drops of w.itcr to be increased by collision 
with other drops, the surface which would have to encounter the friction of the 
sir in its passi^ downward would be as d*. whilst the weight of the drop to 
overcome that motion would be as <P. Roughly speaking the power of the arop 
to force its way downward would be in proportion to its diameter. As the drop 
increased in size, and its velocity increased, it would come into contact with a 
{greater number of the watery particles floating in the air. Increased velocity 
in the d^p would cause increased friction, but there was little doubt the larger 
the drop the faster it would fall, and if he could transport himself to the under- 




the paper, had not called in electricity, that most useful refuge for all doubtful 
meteorological theories, but if it could be supposed that these small particles of 
water were attracted to each other either by electric or capillary attraction it 
would simplify the matter. It was generally allowed that clouds were in 
different electrical conditions, and if this brought them in any way into collision, 
the clmahing of the drops together would be accelerated, and help to account for 
the large drops of rain wliich came down with thunder showers. The snow line 
was assumed to be 6,000 to 7,000 fL high over the South of Ensland ; this might 
be correct as f ar aa the surface of the earth was concerned, and also with regard 
to the atmosphere on a clear day, but at night and when the sky was clouded this 
mle for the decrease of temperature with elevation did not always apply, and in one 
of Mr. Glaisher's balloon ascents (the 18th) he found the same temperature (46°) 
at 10,000 feet above the earth as on tiic ground. This was another argument 
•gainst the condensation tiieory. With reeard to the depth of the rain clouds, 
he (Mr. Dines) had often wonc(ered where all the rain came from. If three grains 
of water were allowed per cubic foot, it would take clouds of about three miles 
in depUi to produce an inch of rain. It was true there was a reservoir left in 
the Tapoor of the air, but this was small in amount at low temperatures, and he 
did not see how it could be made available, and for this reason he was led to think 
that the depth of the cload had been under-estimated in the paper. 

The Rev. W. Clement Ley, in a communication to the Secretary, said : — ** As 
mn old observer who has spent a great part of his life in the estimation of the 
aldtndea and velocities of clouds, I wish to welcome Mr.Cla^den*s two papers as 
of remarkable interest With Mr. Clayden*s eeneral conclusion as to the relation 
between the thickness of shower-clouds and the character of the precipitation 
taking place from them I fully agree. A longer experience will, however, I think 
convince him that his scale otaltitudes will have to be increased in a very great de- 
gree indeed, in order to take in cases of no very uncommon occurrence, even in our 
own latitndee. I notice that his observations were made between the beginning 
of April and the end of September 1885. They thus comprise no winter obser- 
▼ationa . For this reason the lowest limits both of the bases and thicknesses of 
■hower-donds do not appear in the table. During frosty weather in winter, 
alight snow showers not uncommonly fall from clouds whose base is somewhat 
leas than 1,000 feet above the earth^s surface, and whose vertical thickness is less 
than 400 feet. Drizzling rain also occasionally falls from clouds of similar alti- 
tude and thickness, especially over the sea. As regards the other limit of the 
table, it should be noted that the observations were made in a season remarkable 
for the almost total absence of those shower-clouds of the greatest altitude, which 
eonstitnte our heaviest thunder and hail storms. I have very rarely in winter 
seen a shower-cloud of more than 10,000 feet in thickness, but in the summer 
■eaaon, of certain vears, I have measured manv which have vastly exceeded these 
dimensions. In the August of 1858, I watched a shower-cloud having almost 
peipendicnlar sides, whose base was about 1,000 feet above the summit of Mont 
6lanc, which was hidden by a sheet of snow falling upon it. The upper surface 
of this cload I estimated as 15,700 feet above its base. As this cloud travelled 
northward, producing a thunderstorm (I believe without hail) in the valleys, I 
coold discern no change in its proportions. In England, on August 13th, 1857, 1 
approximatelj measured several hailstorm clouds, whose bases were about 3,000 
feet above the earth's surface, and whose thickness was a little more than 25,000 
feet. Even this thickness was considerably exceeded on September 3rd, 1867, and 
Angust 4th, 1878, while in the summer of 1872 there were numerous examples 
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of thunderclouds havinc a vertical thickness of more than 32,000 feet. Althongfa 
the majority of these clouds of enormous dimensions produced heavy hail, there 
were others from which, so far as I could ascertain, only rain fell. MeasnremeDti 
of the thickness of clouds in tropical countries would probably give ua even more 
Burprisine results. I consider that in the British Isles the average thiekneu 
of nail-clouds in winter is not quite one-half that of hail-douds occniring in 
summer. The summits of shower-clouds from which heavy rain or hail is fafliiw 
commonlv attain the level of the cirrus in winter and in summer, bat this level 
is much lower in the former than in the latter season. The domes, however, of 
those portentously thick shower-clouds which I have above alluded to can be 
seen to permeate the cirri and to overtop them by several thonaand foet. 

" Although disposed to agree in the main with Mr. Clayden^s condasions as to 
the mode in which the form of precipitation is modified, I would call his attention 
to the remarkable fact that all those shower-clouds in which the drops are lam 
have a more or less cirriform summit, and that the freezing of tne particles 
composing the summits of these clouds takes place simultaneoiul^ with the 
commencement of precipitation through their oases. I know of only two 
classes of exceptions to this law. The first occurs in our own islands and elie- 
where, when, although the drops arc large, the shower is extremely ali^t 
Showers of soft hail especially occur not uncommonly in the rear of a cyctoiiic 
disturbance from well-u)rmed and hard-edged cumuli^ but these shovers never 
become what we should call '^ sharp," unless at the same time the sonunit of the 
cumulus is combed out in more or less feathery lines of snow. The other 
exception occasionally occurs in the Equatorial Calms over the Atlantic, and 
probably (though of this I have no evidence) over the Pacific also. Large well- 
formed cumuli of threatening aspect, and which are described ai resemMiB£ 
great sacks of water, hang almost motionless during the day, and are preeipltatel 
in violent showers about sunset. I am informed bv keen observers that tnere ii 
no cirrification whatever about the upper portion of these clouds, and the showen 
produced by them are also unaccompanied b^ electrical discharges. 

" The method employed by Mr. Clayden is one that I have aaopted for many 
years, and is certainlv the most simple. Caution is necessaxy in its appliealioD, 
as 1 have no doubt Mr. Clayden has found, owing to the fact that in a miyorit^ 
of cases the summit of the shower-cloud, especially if of great altitooe, u 
rarelpr perpendiciUar above the shower at the earth*s surface, on account of ths 
varying velocities and also directions of the air-currents at different altitudes. 
The metliod may be conveniently supplemented by others, such as synehronou 
observations carried on by two or more observers situated on base lines of niffi- 
cient length. This might most effectually be carried on by the use of a tele- 
phone, where available, but I have never been in a position to employ Mt 
method. I have, however, found it useful to take synchronous observaoons witfc 
other observers at stated moments of the day, when the state of the sky pe^ 
mitted. The two observers should take as accurate altazimuth observations ai 

fossible of the principal clouds in the sky at previouslv concerted momanti. 
mmediately afterwards sketches of these clouds should be taken by each ob- 
server, a process which can, I think, most readily be effected by the nse of soft 
chalks ; or an assistant might take the sketches while the observer is employed 
upon the altazimuth. 1 obtained in the spring of 1882 some useful meamrs* 
monts of the altitude of cirW, which do not lend themselves readily to any other 
process of measurement, in conjunction with Mr. Glyde, having a base IiM 
extending from Kingssand, near Devonport, to Babbacombe, Torquav. 

** On two small points I venture to differ slightlv from Mr. Ciayaen. I hsfe 
frequently observed the cloud-plane (a term which I prefer to cload-Une) to 
descend very considerably in a particular cloud when a heavy shower is fini 
formed, and to ascend above the bases of the surrounding clouds when the shower 
is nearly spent. 

" Seconoly, although it seems improbable that hail is often formed by the jpassa^ 
of rain-drops through an intensely cold stratum of air, yet on the other hand, n 
the uresence of the vigorous convection-currents in and around a cwmic/M^ it 
would be unwarrantable to assume that the vertical distribution of temperstiM 
in the body of such a cloud bears much resemblance to the vertical dwribntieP 
of temperatures in an atmosphere where no cumulus exists. Such an assmiqitifli 
is also in some degree negatived by actual observations taken in baUoona," 
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Mr. Archibald remarked that some valuable observations of cloud lieightts 
mnd thieknesBes had lately been made by MM. Ekholm and Hagstrom in Sweden 

-'^" ^heodolif ^" ' • "' ' ' ' ?.,. ^ ., ^ 

idalwaj 

theory^ ^ ^ 

and had arrived at somewhat similar conclusions. Hul stones such as ne (Mr. 
Archibald) had seen in India must have fallen through a great thickness of cloud 
to ha^e attained so large a nie. He took exception to the statement contained in 
the p^icr^thst hailstorms are not frequent on tropical plains. This was certainly 
not tme m the case of Eastern Bengal, as during his residence in that district 
ther were by no means exceptional occurrences. 

Mr. Whifplb thought that Mr. Clayden*8 method of measuring the thickness 
of dondsp although inffenious, was hiurdly a sufficiently reliable one on which 
to fonnd important deouctions, and he therefore expressed some doubt as to the 
▼alnea contained in the paper. He believed that clouds reached a greater height 
than Mr. Clayden represented. He referred to some observations made recently 
at the Harvard Observatonr in support of this statement. He thought the rate 
of the formation of the clouds should have been taken into account by Mr. 
Clsyden, as the process requiring to be gone through in order to arrive at an 
eatimate of the tnicknesa of the doud observed occupied some time, or at any rate 
time Bofficient for the doud to alter considerably. With respect to Mr. Clayden^s 
remaiks as to vapour cooled bdow the freezing point not solidifying until 
ooming into contact with some object, he had read of similar experience in the 
■ccoont of the voyage of the Vega. 

Mr. C. Harding said that the papers were good, but they contained figures 
iHiieh seemed to him somewhat doubtful. He thought that too much value had 
been attached to condusions which were drawn from only three observations in 
the case of hail. He could not accept the statement that clouds were always 
satorated, as he had passed in a bdtoon through a cloud when there was as 
much as 5^ difference between the dry and wet bulb thermometers. Mr. Glaishcr*s 
obaerrationa in his balloon ascents also clearly showed that clouds were not 
necesiarily saturated, and that the idea of an uniform decrease of temperature 
with dtitade was not correct, as the autlior seemed to imply. 

Mr. W. H. Dines thought the one thing certain about the formation of rain 
was the one which had been pointed out by Sir John Herschel, namely, that it was 
not canaed by the condensation of vapour upon the falling drop. There were 
certain laws rdating to the latent heat of steam and water which numerous 
experiments had shown to be as fixed and invariable as the law of gravitation. 
Now assnmlng that a drop, commencing to fall as ice from any height, at a 
temperatore of €^ F., and fdling during any period of time, reaches the ground 
in tne farm of water at 70^ F., and dso that it receives no heat from tne air 
daring its faU, even in these circumstances, the most favourable to the condensa- 
tion ueory that can be conceived, it may be shown by strict mathematical 
reasoning based on these physicd laws that the total condensation upon the 
dim cannot be as mndi as 50 per cent. 

ThbFbI8IDEMT (Mr. Ellis) said that whatever might be thought of Mr. 
Clayden's paper he had worked in an excellent spirit. He arranged a plan for 
cafTying out a proposed object made the necessary observations, and finally used 
his obswrations on which to form a theory. 



Oh Tbbbx Ybabs' Wobk with the ' Chbono-Babomkteb and Chbono' 
THKunmnKB,' 1882-84. By William Fobd Stanley, F.B.Met.Soo., 
F.O.B. 

[Bead February 17th, 1886.] 

Thb matter I with to bring before the Society is, the work done in three years by 
two eloeks, eo&Btnicted to measure pressure and temperature cumuhitively ; 
one of which I term a ** Chrono-barometer/* and the other a ** Chrono-thermo* 
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meter.'* I exhibited the models of these aud read a paper in February 1877'. 
The couBtmction of these clocks may be again briefly described. 

The Chrono-barometer is a clock that counts the oscillations of a pendulum 
formed by a suspended barometer. The upper chamber of ihe pendidnm is 
a cylinder of an inch or more in diameter. By change of atmoepheiie 
pressure the mercury in the pendulum is displaced from the bottom to the 
top and vice versa. The rate of the clock is accelerated or retarded in pro- 
portion to the displacement of the mercury. 

The Chrono-thermometer is a similar clock to the above, and the pendulum 
is also a barometer, but instead of the lower chamber being exposed to 
pressure the whole tube is enclosed in a second hermetically sealed tube eon- 
taining air. Atmospheric pressure being thus removed, the ezpanaion of the 
included air by heat alone forces the mercury up into the Tacuom chamber, 
and alters the period of oscillation of the pendulum. 

Besides the two clocks having glass pendulums, I have constructed two 
similar clocks with steel pendulums bored carefully to standard gaugefl» the 
records of which have been carried on contemporaneously with the modek 
previously described. 

These clocks record the number of beats in a given period, whether a day* 
a week, a month, or a year. The difference of the number of oeefllaiioBi 
indicated by the dials in equal periods, indicates the difference of preaaore or 
of temperature during the periods. Thus the clocks will record from 88,000 
to 90,000 beats daily, and the difference in the number from day to day mj 
be reduced to a known scale by comparison with the barometer or thanao- 
meter observed for the same period. 

The Chrono-barometer with steel pendulum shows an acceleration of 9i9 
boats per day for every inch the mercury rises. In like manner the GhroDO- 
thormometor gives an acceleration of about 17*5 beats for V* Fahr. per day. Is 
the construction of another Chrono-thermometer it would be advisable to 
increase the acceleration by enlarging the capacity of the air ohamber. 

In constructing these instruments I endeavoured, for several yean, to 
ascertain if a vacuum would remain perfect in a steel chamber, or if steal 
were slightly pervious to air. I am still uncertain on this point. One Udngiii 
however, evident — ^the vacuum is not now so perfect in the Chrono-baronuAff 
as at first, but as this is also sometimes the case with glass barometers, I eea- 
not state whether it arises from the slow escape of occluded air in fhi 
mercury or otherwise, although the mercury was thoroughly boiled. WA 
regard to the Chrono-thermometer with steel pendulum, air has, nndoubtedlji 
reached the vacuum chamber, and I will therefore only give the resoKi 
derived from the glass Chrono-thermometer. The inclusion of air in the iteel 
pendulum instrument proceeds very slowly, and I assume is prpportional to 
the time. It might possibly bo prevented by varnishing the steel thoroo^ilf* 

The readings of the instruments were taken simultaneously with the iimi 
indicated by a good watch, compared daily with a mean time aslrouomiBd 
clock. Personal error enters of course into the reading; but the error, M 

1 Quarterly Journal, Vol. II. p. 853. 
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regards theso Instraments, conld not bo cumulative, and would be as great 
in total amount for one day as for one year, so that it may be assumed 
eonstant, not interfering with the mean observations recorded. 

The Chrono-barometers dnring the period of the observations here discussed 
were placed onder the ordinary circumstances of a barometer in my bouse, 
and ikllf therefore, need no further particulars as to position. The Chrono- 
thermometers were placed under special conditions, which it is necessary to 
deseribe, as it will be evident that temperatures recorded by them will not 
agree with those taken by the ordinary method. This difference was inten- 
tional, as I considered these instruments especially adapted to register a 
partienlar temperature phenomenon which may be termed average ** climatic 
temperature,*' as contrasted with the shade or sun temperature. 

To insure the conditions stated above as nearly as my means permitted, I 
placed the Chrono-thermometers in leaden cases formed like obelisks, about 
four feet in height from the ground. The base of the obelisk being 16 ins. 
a^nare, it diminished to 12 ins. square at three feet. Upon this was placed 
a moveable head about one foot cube, having a cottage roof; this fitted nearly 
air tight upon the lower part, and covered the works of the clock. The 
docks were wound once every week through air-tight fittings, whilst a small 
l^aM pane, inserted in the head of each case, permitted the dial to be 
obaerved. As a protection to the works of the clocks from rust, I placed a 
box of ^oick lime in the lower part of each case, with a large coil of fine 
hrif^t iron wire over the lime, so that any moisture in the air might be 
abiorbed. With these precautions I found the clocks continued in perfect 
order* The eaaoa were placed in the open air, in a fair position for obtaining 
a mean temperature of the air, on the southern side near the summit of a 
rnoimd. Buildings and trees a few hundred feet distant shaded them, in early 
morning and evening, from the sun, so that although the midday temperature 
wonld be in excess of the mean, the morning and evening temperatures were 
in defect. After the leaden cases had been fixed a few months, they assumed, 
hj oxidation^ the usnal well-known lead colour tint which remains unchange- 
able ; and wonld, therefore, in this state absorb a uniform amount of heat 
from the sun and the air approximately under like atmospheric conditions. 

For the comparison of the work of these instruments the following table 
ffimB the number of beats of the glass and steel pendulums of the Chrono- 
baiomeiera for three years: — 

1S82. 1883. 1884. 

aiasB Penduhun 88,755,669 88,670,180 88,658,188 

Steel Pendnlnm 82,695,848 82,690,765 82,680,976 

The year is taken at 865^ days. There is some discrepancy in the 
eon^anitive indications of the two clocks, but possibly not more than would 
aatozaltf follow from the difference of construction of the two pendulums, 
and particnlazly from the imperfections in the bore of the glass one. The 
atoirl pendofamiy by the relatively higher number it beats over the glass one 
ivr 1884, ahows that steel maintains a vacuum quite as well as glass, and it 
IM,y therefore be considered to be fairly correct. 
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The follawing table girflB the number of beats mode b; the ghui and iteel 
pendnlanu of the Ghrono-thermometen for three yean : — 

ISSa. ISSS. 18H. 

Olass Pendalnm 88,996,088 88,997,070 84,016,996 

Steel Pendnlnm 82,696,848 82,090,766 88,060,976 

It is here evident that the steel pendnlnm is losing its vaennm, and the 

valne, if any, of its work can only be estimated by allowing a proportiaiial 

loss to time. I therefore insert the work of the glass pendnlnm Chrono- 

thennometer only in Table 11. which follows below, 

Table I. ^ves the monthly diomal mean of the Chrono -barometer with steal 
pendnlnm for three ye&re, as well as the mean barometrical reading at 9 a.m. 

TABLE I.-CHBOHO-BABOHETBB. 



Month. 


iSSi, 


1S83. 


188+. 


Pendnlom. 


Barometer 


Pendulum. 


Birometer 


PeDdolam. Barometa. 


Janurj ... 


Beats. 
90,14.8 
90.018 
89.71K 
89.458 
89.5+1 
<9.3]+ 

pi 

89,309 
89.384 
89,41* 
89.+61 


Ins. 
3o'i69 

30-047 

19'794 
19-96' 

19'915 
19-854 

19819 

i9-6g+ 
19-671 


Boats. 

89,616 
S9.807 
89.759 
89.614 
89.487 
89.197 
89.167 
89,131 
89..8J 
89.46s 
89,518 
89,877 


Ins. 
19-9+0 
30-1 .0 
19-914 
30-011 
19-91 ' 

7X 

30-006 

19-869 
19990 
19-549 

30'i7i 


Beau. 

B9.768 
89,616 

'& 

Hill 

89.S86 


In*. 
ja-136 
"9-9M 
»9'9SS 
«9-830 

JO-.HS 
19-97') 
J0-019 

30-olj 
30-187 
»9'9)J 


May :::;::::: 


jiSe .""":: 




Augaat 

October 

Deoember ... 


Year 


89. 597 


JO'ooS 


89.503 


19-9+J 


89,476 


10-0.. 
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Uontfa. 


■ 881. 


I88j. 


1884. 1 




Bbade 

Temp. 


Fendolam. 


Shade 
Temp. 


Pendalnm 


T.mp. 


Ur»,b ..... 


Beats. 
91.681 
91.768 
9^.948 
93.05 ' 
9J.J~ 
93.370 
93.S'6 
93.1*1 
93.S74 
93,063 


39-S 
40-8 
4S-3 
49-1 

SS7 

j9-g 

50-8 
41-8 
394 


Beats. 
91,716 
91,78s 
91.644 
93.048 
93.»S' 


+0-I 
41-7 
J54 

4r» 


Beat!. 
9».789 
9».767 
91.895 
9».9S6 
93.330 
93.479 
93.«Si 
9J.7M- 

2S 


Si 

66-1 
59-9 

49-0 


a« ::::::::. 


3™ "::::" 






October 

Deoember.. 


93.589 
93.3»« 
93.058 
91,798 
9».679 


61-9 

S6-7 

So-6 

**'! 

39-6 


Tear 


93.074 


49-S 


9J.079 


49-4 


M.DI 


!»> 



^ere appears a disorepancy in Table I. of the Chrono -barometer u earn- 
pared with the barometer, equal to 'OSS in, mean diff»reoee is 1888, eomnnd 
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with 1884 ; ihig is no doubt largely due to tho roagh approximation the 
single diurnal reading of the barometer gives, this being subject to inevitable 
personal and instmmental errors. 

Table II. gives the monthly diurnal mean of the Ghrono-thermometer with 
the glass pendulum for three years, together with a thermometer reading as 
9 a.m.; this being entirely a shade temperature, only exhibits a very rough 
aeeordanoe. 

I regret that the pendulum with which the above observations were made was 
accidentally broken in removing itfrom the International Inventions Exhibition ; 
it has, however, been repaired to nearly its original form. When broken I 
found considerable oxidation of tiie mercury at its surface, as is generally the 
ease in f^ass barometer tubes. 

[Nan.— The ijtum pendulum docks are now deposited in the Soienc and Art Museum 
for permanent exhibition, where they will remain as models for any one who may care 
to pursue the subject further. I have re-filled the steel pendulums, and intend to keep 
the docks going with these in their former positions many years.] 



DISCUSSION. 

Mr. Leckt said that he bad taken much interest iu these pendulums of Mr. 
Stanley's, as they were really a new departure in meteorological instniments, 
and as the oscillations ran to very high numbers the results admitted of close 
inyestigation. In order to test their regularity- of action, he had taken the year 
1883, and by dividing the monthly average of oscillations by the average heiglit 
of the barometer he found that the nnmber of oscillations corresponding to one 
inch of mercury varied very slightly from month to month, the maxima being 
in November and March, and the minima in August and December ; tho differences 
he thought might be easily accounted for. In the thermo-pendulum these 
diflbrences were much greater, being evidently caused by its unfavourable posi- 
tion. The figures he arrived at were as follows : — 

1888. Barometer. Thermometer. 

January 2994 2312 

February 2983 2225 

March 3001 2617 

April 2986 1971 

Biay 2990 1727 

June 2982 1546 

July 2984 1518 

August 2974 1512 

September 2986 1646 

October 2983 1839 

November 3030 2168 

December 2979 2340 

Means 2989 1952 

The figures represent an equivalent of V Fahr. 

Ifr. WHIPPLE inquired regardmg the number of beats recorded by the 
< cbrono-thermometer/ whether the records agreed on days with the same mean 
temperature. He thought this instrument might be so constructed as to be made 
usenil for recording the accumulated temperature in day degrees above and 
below 42^, on the plan adopted by the Meteorological Office. 

Mr. Stanley said that tne clock must register the number of pendulum vibra- 
tions, and could not possibly go wrong in that respect, and in fact was more 
oomeet than any number of eye observations of temperature could be. He had 
QO roeunt of testing the accuracy of the pendulum vibrations in comparison with 
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thermometer readings, as no means had been tried to place a thermometer under 
like conditions, but as regards relative rates the chrono-thermometer, being a 
mechanical thing, most repeat its action under like surrounding conditions^ that is, 
under the same temperature, as this is a factor that affects change only in its rate. 

Mr. Stmons suggested that the daily values might be compared with the 
Greenwich mean temperatures. 

Mr. C. Harding thought that a comparison with the results obtained by the 
Harmonic Analyser would test the working of Mr. Stanley's instruments. 

Mr. Curtis remarked that the daily mean obtained bv the use of the harmonic 
analyser was practically the same as would be obtained from twenty-four hourly 
measurements of a barogram, such as might be found in a volume of Greemffieh 
ObgervcUions ; and therefore, he thought, a mean obtained from the latter ought 
to be fairly comparable with the mean pressure obtained by Mr. Stanley's arrange- 
ment. 

The President (Mr. Ellis) said that the late Prof. Rankine had, some years 
ago, proposed an arrangement somewhat similar to Mr. Stanley's chrono-lMtfo- 
meter, a description of which is contained in the PhilosophiecU Magaxme for 1883, 
Vol. 6, the title of the paper being '^ On a proposed barometric pendulum for the 
registration of the mean atmospheric pressure during long perioas of time." Hia 
proposal was to attach a siphon-barometer to a r$volvmg pendulum, but it is not 
known that it was carried into effect. 



PROCEEDINGS AT THE MEETINGS OP THE SOCIETY. 

January 20th, 1886. 

Annual (General Meeting. 

Robert H. Scott, M.A., F.R.S., President, in the Chair. 

Mr. T. W. Baker and Mr. C. H. Cotton were appointed Scrutineers of the 
BiUlot for (Micers and Council. 

Dr. Tripe read the Report of the Council and the Balance Sheet for the past 
year (p. 72). 

It was proposed by the President, seconded by Dr. Tripe, and resolved : — 
** That the Report of the Council be received and adopted and printed in the 
Quarterly Journal of the Society." 

It was proposed by Mr. Lauqhton, seconded by Mr. Beaufort, and re- 
solved: — '* That the best thanks of the Royal Meteorological Society be com- 
municated te the Council of the Institution of Civil Engineers for having granted 
the Society free permission to hold its Meetings in the rooms of the Institution." 

It was proposed by Lieut.-Col. Brooke, seconded by Mr. Brewin, and re- 
solved:— ** That the thanks of the Society be given to the Officers and other 
Members of the Council for their services during the year.*' 

It was proposed by Dr. Marcet, seconded by Captain Totnbee, and re- 
solved : — ^^ That the thanks of the Society be given to the Standing Committees 
and to the Auditors ; and that the Committees be requested to continue their 
duties till the next Council Meeting.** 

The President (Mr. Scott) then delivered his Address, (p. 65.) 

It was proposed by Mr. Ellis, seconded by Mr Eaton, and resolved: — ^* That 
the thanks of the Society be given to the President for the ability and courtesy 
displayed by him in the Chair during the past year, and for his Address, and that 
he be requested to allow it to be printed in the Quarterly Journal of the Sodetjr.*' 
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The Serntiiieen dadared die foDowing gentlemen to be the Officers and 
Comieil for the enaiiiiig year, tib. : — 

Preside&tb 
William Ellis, F.RA.S, 

Yioe-FreBideats. 

Gbobob Chatterton, M JL, MJnstC.E. 
Edward Mawlst, F.ILH.S. 
GsoROB Mathews Whipple, B.Sc^ F^A^S. 
Charles Theodore Williams, MA., MJ>., F.RC.F. 

Treasurer. 
Henrt Perioal, F.RJLS., F^M.S. 

Tmatees. 

Hon. Francis Albert Rollo Russell, M.A. 
Stephen William Silver, F.R.G.S. 

Seereterlee. 

Georoe Jambs Stmons, F.R^. 

John William Tripe, M.D., M.R.C.P.£o. 

Fdreign SeoretAry. 
Robert Henrt Scott, MJL., F.R.S., F.G.S. 

OoimeiL 

Edmund Douglas Archibald, MJL. 

William Morris Beaufort, F.R.A.S., F.R.G.S. 

Arthur Brewin. 

Frederic William Cory, M.R.C.S. 

Henry Storks Eaton, M.A. 

Charles Harding. 

Richard Inwards, F.RJLS. 

BALD¥nN Latham, M.InstC.E., F.G.S. 

John Knox Lauqhton, M.A., F.R.G.S. 

William Marcet, M.D., F.R.S., F.C.S. 

Cuthbert Edgar Peek, M.A., F.R.A.S., F.R.G.S. 

Capt. Henry Toynbee, F.R.A.S., F.R.G.S. 

Mr. Scott having left the Cliair, it was taken by the newly elecfted President, 
Mr. Ellis, who thanked the Fellows for the honour they had done him in electing 
him to that office. 



February 17th, 188G. 

Ordinary Meeting. 

WiLUAM Ellis, F.R.A.S., President, in the Chair. 

George Buchanan, M.In8t.C.E., Keston Tower, Keston, Kent ; 
Capt. George Henry Leogett. Brisbane, Queensland ; 
Herbert Coupland Taylor, M.D., J.P., Todmorden Hall, Todmorden ; and 
James Tolson, Orraiston, Cleveland, near Brisbane, Queensland, 
were balloted for and duly elected Fellows of the Society. 

The following Papers were read, viz. : — 

** General Remarks on the Naming of Clouds," By Capt, H. Toynbee. 
F.RfMet,Soc., F.R.A.S. (p. 99.) 
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<< On the Thickkess of Showeb Clouds." Bv Arthur W. Ciatdem, MJL^ 
F.G.S. (p. 102.) 

*< On the Formation of Rain, Hail and Snow." By Arthur W. Claydeit ^ 
M.A., P.G.S. (p. 106.) 

<*0n Three Years' Work with the < Chrono-Barometer' and *Chrono— — 
Thermometer/ 1882-84.** By Wiluam F. Stanley, F.R.Met.Boc., F.G.S. — 
(p. 116,) 



CORRESPONDENCE AND NOTES. 

Formation op Ice upon Water considerably above the Freezing Point. 

The ABsifltant-Secretaiy, Royal Meteorological Soeiety. 
My dear Sir, 

Yesterday morning I had occasion to note a phenomenon which I hare 
never seen alluded to in any books accesaible to me. 

There is a small well in my garden, the temperature of which I have for some 
years been in the habit of obsemng. It appears to be supplied by percolation of 
the water that has drained through the hul above, ratner than by any actual 
spring. If emptied below its normal level it fills again at the uniform rate of 

i inch per hour. The surface of water is 8 feet square ; and the normal depth is 
foot 2 inches. Only about half the surface of tne water is directly exposed to 
the air : the rest being covered over by a stone roof and soil thereupon. The 
surface of the water is 1 foot below the path which runs close by. 
» The water in the well thus situated has the local reputation of never having 
been known to freeze. Certainly it has never had ice upon it, since I have 
registered its temperature, until Uie present month. 

On January 20tn, 26th and 27th, 1880, the temperature of the water fell to 
38^*7. This is the lowest yet recorded. The exceptionally low temperature of 
this month was due to the cold of December 1879 ; from which the water had 
had no time to recover when the January spell of cold weather set in. 

In January 1881 (which was preceded by a warm December) the lowest reading 
was 39^*5, on the 22nd. The readings of the dij and wet bulb at the same hour 
were 19<'*0 and 17^*5 respectively. (I call special attention to the fact that this 
was a very dry atmosphere for this station.) From January 13th to 16th the 
mean 9 a.m. reading was 22^*2 : and the water was never below 41^-5. Similarly 
from January 18th to 22nd the 9 a.m. readings averaged 24^-2 : but tiie water 
only fell below 40^*5 on the 22nd, and recovered to 41^ on the 23rd. On the 
26th it fell to Z^l. 

On March 23rd, 1883, it fell to 40»«0. 

These are the only occasions on which it has fallen to 40^ or lower since 
December 1879. 

Therefore, on Tuesday last, March 9th. I was much surprised to find the 
surface covered with an excessively thin film of ice : while the temperature at 
the bottom was 39^*0 — a fall of 0^5 in the twenty-four hours. 

I did not think of making special observations at the time ; but it occurred to 
me afterwards that it would be interesting to ascertain how far downwards firom 
^he surface the layer of chilled water extended. 

Yesterday morning there was again this same thin film of ice. I therefore 
inserted the thermometer very carefully, so that the bulb was only just covered 
by the water. The bulb is a small one (the thermometer being the maximum of 
one of Casella*8 pair of" Travelling Thermometers,** No. 108), so that the bottom 
of the bulb was, in this position, less than \ inch below the surface, while the 
neck was just on a level with the film of ice, with which the boxwood frame was 
in actual contact ; and the bulb was not more than \ inch out of contact The 
temperature in this position was 38^*5. The temperature at the bottom was 39^*5, 
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I then took the thennometer ont of the water, and when it had fallen to 33°-0 
I re-ioMrted it, ao that the bnlb was half in and half ont of the water, and thua 
waa partly expoaed to the teniperatnni of the air, which at that time was 32°'5 
dry-bulb, and IW-T wet-bulb. The temperatare at once rose to 37°-7. 

it waa plain, therefore, that the under aurface of the ice film waa in actnal con- 
tact with water at 38°k), or poasiblv rather more. 

1 then brolce the film, whtoh melted and diaappeared at once. In fire aeconda 
•t moat no ice waa lefL 

What I wiah to aak la — How ia it that toe can exist at all in absolute contact 
with water at 38*, and with the temperatnre of the tir above it at all events not 
below &eesing-pobt ? (On the 9th the temperature of the air was as high as 
Sfi^'fi, bnt the wet-bnlb waa 31°'7.) It it that the nnnsual dryness of the ur thia 
jear^ prodncing a very low dew-point on the surface of the water^ renders it 
poatible for a film of Ice to be formed of absolutely infinitesimal thickness, the 
upper surface of which U continually being renewed as fast u the under anrface 
is diasoWed by the water at 38° ? 

In this case we hare, as it leenu to me, the nearest approach poaiible to a 
geometrical anperficiea— length and breadth, bat with a practically ioqipreciable 
tliickness. 

In any case I think that vty experiment ruaea aoma qneationB winch are 
-weU worthy of syatenatie esperunenti under artificial cold. 

Very truly yonra, 

P. H. Nrwnhah. 

Maker Tlcarwe, Devonport, 

Much U&, 1886. 



A SufrUE SKOW-Oairai. By Wiluah F. Stanley, P.R.HetBoe., F.0.8. 

Ktirt iMtMrologist knowi the tedious, unpleasant, and uncertain process of 
collecting snow from a rain-gauge, but in the South of England, particularly 
where a considerable fall is exceptional, the average observer does not core 
to go to the expense of a costly apparatus. Mr. W. F. Stanley's snow-gauKe is 
•a sinqile as it is inexpensive. It consists of an ordinary tin saucepan, from 
which the handle of the lid has been removed, and a circular hole cut with a pair 
of cntting conqiasses exactly to correspond in diameter with the edge of the 
ordinary rain-gauge. By running a copper bit round the newly cut edge, 
•o «a to &) it, the gange will be preserved from rust. To measure the fall 
"" 'i tacen indoors, set l^ the fire, and its contents gauged in 



^ 



way. A saucepan with a 5-inch disc cnt ont of the lid need 
) shilling. As the sancepan gange might be reqiUred to be taken 
indoors during a fall of snow, it is better to have two for winter use. This 



gaoge would M more durahle, of course, if made in copper ; but tiiis would be 
man oapeosire. 



Non OH Richard's THSKuoaRAPH and the Results it yielded fob 18S5 at 
GBLDntOM, Bbcclbs. By E. T. Dowson, F.R.Het.Soc 

Thu " Note " relates to results derived in 1886 &om a thermograph by Hiehard, 
of Paris, made according to a desini suggested by Hr. Q. H. Whipple, F.ILA.8., 
:4orraeOTding both dry and wet bulDtemperatureaon the same CTtinder,oBe above 
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the Other. The instrument, which worked "very satisfactorily ** at Kew, ia con- 
structed briefly as follows, and is placed in a screen of the Royal Meteorologieml 
Society pattern, 15 ins. by 24 ins. by 20 ins. (inside), with the usual standard 
instruments. 

Each thermometer consists of a very thin curved metal case (a Bourdon tabe) 
about 2^ ins. long and 1^ in. wide, containing alcohol, one end of the thermometer 
being a fixture and the other movable. As the alcohol expands or contracts with 
the changes of temperature it alters the form of the curve of the thermometer, 
making it flatter or otherwise. The movable end of the thermometer answers to 
these iterations, and communicates them, by means of a metal rod, to a lerer 
carrying a pen which inks correspondingly on a graduated paper wound on acylin* 
der, 3| ins. in diameter, containing a clock which turns it round once in seven days. 
With the exception of the thermometers the instrument is enclosed in a metal 
case. The wet-bulb thermometer is covered with muslin, and is kept moist bj a 
water vessel below into which the muslin dips, and also by a capillary siphon 
from a second water vessel above. The two tnermometers are placed side by side, 
but inasmuch as they are curved reversely, they are as far apart as circumstances 
permit. 

Corrections have been applied for any error in starting the pen, and also f6r 
the time errors observed at 9 a.m. and 9 p.m., which are not constant, and in the 
dry-bulb sometimes amount to 40 minutes or more, while in the wet-bulb they 
sometimes exceed an hour ; in addition to these the wet-bulb thermometer requires 
a correction of 10^, since its pen is fixed 10° below the dry-bulb to avoid contact. 
The tabulations of the dry and wet bulbs have been made throughout theyear, 
and the maximum and minimum for each month obtained as given in the Twle, 
but only the 9 a.nL readings of the wet-bulb for January and July have been 
tabulated. 

COMPABZSON Of BaSUIffS fBOM ▲ BiGBABD TbUUCOOBAPB WITH SxAaniBD Tbibmoiibsbbs. 
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0*0 

-|-0*2 

-(-o*i 

4-0'2 
O'O 
O'O 

4-0*2 

+o*5 

0*0 

+0-4 



-fo*i 



9 p.m. 



Minimnm* 




463 1 46*2 



+»'4 



The Mean 9 a.m. Wet Thermometer Beadings for Thermograph and Standard in 
January and July were respective^ ^S^'o and 34^8, and 58^*5 and 58^1, showing a 
difference from Standard of +0^*2 and +o'''4* 



On the Influence of Forests on the Climate of Swbdbn. 

A valuable Report on this su^ect has been prepared by Dr. H. K Hamberg, and 
printed as an appendix to the Report of the Forest Commissioners of Sweden for 
the year 1884. The observations were conimcnced in 1876, on the principles estaV 
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lished by Dr. Ebcrmayer in Bavaria, but Dr. Hamberg soon found tluit the mere 
comparison of the results obtained at the forest station with those yielded by its 
sister station in the open country was insufficient to bring out all the peculiarities 
of forest influence, and accordingly he added a third class of station, situated in 
a clearing in the forest itself ^dppen plats i skogen). The various results of 
these observations are discussed m a very exhaustive manner, and we must refer 
those interested in the subject to the Report itself. The author^s conclusions, 
however, are very interesting and are reproduced here in full. 

" Our researches do not allow us to determine whether the presence of the 
forests on the whole contributes to increase or diminish the quantity of heat 
in the atmosphere, that is to say, to raise or lower its temperature. In fact 
we have been entirely unable to take in account either solar radiation or the 
radiatioB from the needles' and the points of the trees. Until we are able to 
ascertain the quantity of heat which escapes from these surfaces, and its relation 
to Uiat escaping from other surfaces, it is auite impossible to determine with 
certainty the influence of the forest on such an important subject as the mean 
temperature, and must confine ourselves to approximate estimations. Among 
the various surfaces which are met with in Sweden the most important are 
assuredly water, bare ground or rock, soil covered by herbage, and finally 
forest Neither the surface of the lakes and sea nor the bare soil of town 
streets have any resemblance to the forest : the climate of the latter bears no 
similarity to a maritime climate or a town climate. A forest may best be 
considered as an instance of vegetation on a gigantic scale, as is eviacnt from 
the low temperature of the ground under the trees, and the freshness of the 
air in summer, especially in the evening and at night time, thus aflfording 
evidence of active radiation. In this case the forest would be a source of cold 
rather than of heat. But here we are simply dealing with suppositions. 

" From this point of view a forest is distinguished from all the other 
surfaces we have mentioned, in tliat it extends into a stratum of air lying far 
above that in which man lives and carries on all of his occupations which depend 
on climate, such as agriculture, &c. It should follow from this that whether the 
annual result of the presence of a forest be an excess or a defect of heat, the one 
or the other should, thanks to the winds, be communicated to a greater ma^fis of 
air, and be less sensible in the stratum close to the ground. The thermic 
properties of other surfaces are more immediately available in the lower stratum, 
and consequently, from the practical point of view, exert a greater influence on 
the temperature of the earth and of its immediate vicinity. 

" U, then, we confine our consideration to that which from the practical point 
of view is perhaps the most important, the influence of forests on the state of 
temperature in the stratum in which man generally lives, in so far as this can be 
determined in the ordinary way by thermometers, I think that our reply for this 
countiy (Sweden) will be less uncertain, and it is as follows :^ 

" In the districts of our country which are open and are cultivated, during the 
annoal interval of cultivation, a forest lowers the temperature of air and soil 
during evenings and clear nights, restricting the period of daily insolation and 
thereby checks vegetation. 

" The other influences of forests on temperature are either so slight that they 
possess no practical importance, as e,g, the moderation of cold in winter, or cUc 
are of such a character that they elude the ordinary mode of observation, by 
thermometers. Among the effects of this nature we may mention the well-known 
fact that forests afford shelter against cold and violent winds, to vegetation 
which would suffer from these winds, or to objects whose temperature is higher 
than that of the environment, as for instance the human body. It is in this last 
respect that the Swedish saying is true^ namely that ' the forest is the poor man*s 
cloak.* In certain cases it may also yield protection against the cold air or fog, 
which on cold nights comes from districts in the vicinity which are visited by 
frost. The advantages on the score of temperature derivable from the forest 
may therefore be considered to resemble that obtainable from a wall, a palisade, 
a hedge, or any object of that nature. 

"On the one hand a forest, where it is close by offers mechanical pro- 
tection against cold and violent winds. On the contrary, it does ii^ury either 

1 Tbe Fonsti dealt with were entirely of pines tnd tin. 
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by retaining the bolar heat required by crops, or by lowering the temi>eratare of 
the soil during clear nights and thns laToaring the development of near frosts. 
At a distance forests have no sensible influence on the climate of Sweden. 

" If we wish to put these results to a practical application, it is impossible to 
say in general whether one should, or even could, clear the forest without iiyuriBg 
agriculture. But it appears that as regards the temperature, if we disregm the 
utility of forests in other directions, we might make extensive clearances without 
any prejudice to agriculture. It is certainly not a mistake to say that our beat 
cultivated districts are the freest from wood, nor is it a mere chance thst the 
harvests are, on the whole, more sure in the open country than in the forest. In 
the event of a bad harvest it is, as I well know, the wooded districts which hare 
suffered most. At the same time I must at once admit that these provinees are 
also influenced by other powerful physical factors, possiUy even more aetiTe thmn 
forests, such as an elevated situation, a bad soil, the presence of swamps, 4bc. 
But nevertheless it appears to me, after all that has been said in the preecoiag 
pages, that the forest has some bearing on the subject. 

" At the present day, the words spoken 130 years ago by Pastor P. HogstrSm, 
and at that time memoer of the Swedish Academy, are very generally iq^pucable, 
inasmuch as it has been found that cultivation can to a great extent remore from 
a district its tendency to hoar-frost ; this same result has frequenUy been obtained 
by draining or by clearing the forests, particularly those of deciduous timber, 
where the fogs, especially those which bring on frosts, appear to have their origin 
and their aliment. On the contrary, a pine forest is an excellent shelter against 
cold, especially when it can stand between the country and marshes or surroonding 
districts where the cold has its rise. If, however, the forest interferes with 
sunshine and with wind it should be cleared. It results, therefore, Uiat while in 
some districts the clearing of a forest has been beneficial in averting hoar-frost, 
in others the result has been directly the opposite.** 



RECENT PUBLICATIONS. 

Amerioan Meteobolooioal Joubnal. a Monthly Beview of Meieorology» 
Medical Ciimaiology, and Geography. Vol. IE., Nos. 9-11, January- 
March 1886. 8yo. 

The principal articles are:— The Ara{;o-Davy Actinometer, by W. Ferrel 

gpp.). This is the conclusion of an article on the black and bright bulb solar 
ermometers commenced in a previous No. — On the determination of the troe 
air temperature (14 pp.). This is the translation of a paper by Dr. H. Wild from 
the ZeiUchrtft fUr MeUorologU^ with interpolations by Mr. H. A. Hasen. — 
Electricity of Thunderclouds, by P. Morrill (7 pp.). — ^The Mountain Meteoro- 
logical Stations of Europe, by A. L. Rotch (22 pp.). The author, who is the 
Proprietor of the Blue Hill Observatory, Readville, MassachuseUs, viuted Europe 
last summer to make himself acquainted with the methods, etc. in use at tne 
various mountain observatories. He now gives an account of tiie observatories 
he visited, and in these Nos. describes the stations at tiie Brocken, Schneekoppe, 
Wendelstein, Hoch Obir, Sentis and Rigi. — ^An Experiment in Long Riuige 




Phenomena, by G. H. Stone 



Amnales du Bubeau Central M^tAobolooique de FbaKoe, public par 
E. Maboabt, Direcieur. Annfe 1888. Parts III. and lY. 4to. 1885. 

Part III. (335 pp. and 5 plates) is devoted entirely to Rainf alL The number of 
rainfall sUtions in France m 1883 was 1716. This Part gives the daily fiOla at 
about 920 stations, and is accompanied by seventeen charts, showing the monthly, 
quarterly, and yearly distribution of rainfall. 
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Part IV. is devoted to general Meteorology, and contains the following papers: — 
Observations M^t^orologiques faites dans les Postes et les Consulats fran9ai8C8 
(58 pp.). The observations reported are from Trebizond and Samsonn, in Asiatic 
Turkey ; Port Said and Ismailia, in Ef^t ; la Can^e, in Crete ; las Palmas ; St. 
Denis, Reunion ; Naos, &c.— Observations M6t^orologiqaes faites dans la Region 
da Haat S6n6^ et le Bassin du Niger, par Dr. Laferridre (10 pp.). — Sur la 
Distribution dM Pluies dans TAfriqae Meridionale, par V. Raulin (20 pp. and 
2 platea).— Etudes sur la position des grands centres d*action de FAtmosph^re 
au printempa, mois de mars, par L. Teisserenc de Bort (26 pp. and 24 plates). 

AmruAiBX jmukSocdtTt MAtAobolooxqub de Fbamos, March*May 1885, and 
January 1886. 4to. 

Contains: — Sch^mas simplifies des mouvements atmosph^ri^ucs dans les 
differents regimes d*hiver,par A. Poincar6 (14 j)p.). — Comparaisons entre les 
observations qu*on pent faire dans des lieux voisms, mais dans des conditions 
diff^reutes, par £. Renou (2 pp.). — Date moyenne des vendanges & Bourges, par 
M. Dnchanssoy (2 pp.). — RScnerches th^oriqucs sur la distribution de la cnaleur k 
la surface du globe, par A. Angot (11 pp.). — Appareil pour observer couramment 
la direction et la vitesse des nuages, par P. Gamier (2 pp.). — Sur I'emploi du 
D6[Aoscope de M. Hildebrandsson, par M. Fineman (3 pp.).— -Sur la mSthodc de 
mesurer les hauteurs et les mouvements des nuages, par N. Eckholm et K. L. 
Hogstrom (5 pp.)* — Sur la distribution des pluies en Australie pendant la 
pMode 18714880, par V. Raulin (12 pp.). 

Ahnuaibs db l*Ob8bbyatoibe Rotal de Bbuxelles, par F. Folie, Direcieur 
de rObservatoire, 1886, 58me Ann^e. 8vo. 1885. 814 pp. 

M. A. Lancaster contributes a pi^er (75 pp.) giving fesults of meteorological 
observations made at Brussels dunng the hfty vears 1833-1882. The present 
piq»er is devoted entirely to the temperature of the air. The mean monthly 
reralts are aa follows : — 

Jan. Feb. BCar. April May June July Ang. Sept. Oct. Nov. Deo. Tean 

Has. As 48*5 4§*4 56^8 6l-6 7f*2 7S*6 7^*1 66*0 67-4 47'o 41*9 5&-9 
Hin. 83-0 84*1 86*8 41*5 47*3 640 56-8 56*6 62*2 45-9 38-5 840 44*1 
ICetn. 86*1 88*8 42*4 49*2 65*9 62*6 65*2 64*8 69*1 61*6 480 37*9 60-6 

The idlest temperatore observed during the fifty years was 95^*4 on July 
19th, l&l, and the lowest was — 4M on January 25th, 1881. 



A ViMA FOB THE RaiNBAND AND THE RaINBAND VINDIOATED. By J. RaND 

Capbok, F.R.Met.Soc. 80 pp. and 5 plates. 8vo. 1886. 

These two articles were originally published in Symons*s Monthly Melearo- 
logical Magaxme. As they had attained a considerable circulation they have 
betm reprinted and are now issued together in one volume. 

BiBUOTBiQUs XJniyhbsellje, Abohivbb des SdENOEs Phtsiqites et Natub- 
BLXJK8. Troisiime P&iode. TomeXY. No. 1. January 1886. 8vo. 

Ckmtains : — ^Etade sur la tenap6rature des eaux et sur les variations de la tem- 
ptoUore da globe, par Dr. A. Woeikof (21 pp.). 

Bbixf Seroh of the Uetboboloot or the Bombay Pbesidenot in the year 
1884*85. By F. Cbaubbbs, Meteorological Reporter for Western India. 
Foolscap folio. 1885. 

The meteorology of the year was characterised by several well-marked devia- 
tioDS firom the normal conditions of an average year. The monsoon rains were 
very late in settinK in, and were consequently deficient in the early part of the 
rainy season, but heavy rain falling later, either nearly made up the average 
yeany quantity or produced an excess in all districts, except the frequently 
dnmgfat-strieken tract in the east of the Deccan, where the fall was below the 
average nntfl veiy late in the season. The irre^plarities in the rainfall distribu- 
tion were accompanied by the usual barometric indications. 
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CiEL £T Tebre. Ilevuo populaire d'AslFonomie, do M^t^rologie ei de 
Physique da Globe. Janvier-Mara 1886. 8vo. 

Contains : — Coup d'oeil snr Thistoire et les m^thodes de la M6t6orologie| par 
Dr. W. von Bezola (7 pp.). — La hautear dea nuages (12 pp.). 

Essex Field Club — Spboial Msmoibs. Vol. 1. Repobt on the East 
Anglian Earthquake of Apbil 22nd, 1884. By Raphael Mkldola. 
F.C.S., and W. White, F.E.S. 224 pp. Maps and other iUoEtnitioiui. 
8vo. 1885. 

This is a very full, careful and exhaustive Report on the severe earthquake 
which was felt all over the eastern part of England on the morning of April 
22nd, 1884. The shock occurred between 9*17 and 9.18 a.m., and Uie main axis 
of damage had a generid direction North-east to South-west, extending from 
Wivenhoe to Peldon, with maxima of intensity at those two places. The 
number of buildings damaged was between 1 ,200 and 1,300, including 20 cJinrches 
and 11 chapels. 

Meteobolooisohb Zeitsohrift. Heransgegeben von der oesterreichischen 
Gesellschaft fiir Meteorologie und der deutschen meteorologiflehen 
Gesellschaft. Redigirt von Dr. J. Hann nnd Dr. W. Eofpen. IMiter 
Jahrgang 1886. January to March. 4to. 

This is the commencement of the joint publication of the Austrian and Gtonuui 
Meteorological Societies. These Nos. contain articles on the following sub- 
jects : — Kfima an der Lenamftndung, nach einj&hrigen Beobachtungen, von Dr. A. 
Woeikof (7 m>.). This is a discussion of the observations made at Sagastyr, at 
the mouth of the Lena, which was one of the Russian Polar Stations. The 
station is protected bv bills from the coldest winds, and yet the air is more 
generally m motion than in the valleys in the interior, so that the cold is not 
nearly so intense. The weather is decidedly variable, cloud beinff most frequent 
in summer, as is usually the case where ice is melting. — Die auffaflende Abender- 
scheinungen am Himmel im Juni und Juli 1885, von 0. Jesse (19 pp.). — ^Die 
mittlere Bewegung der oberen Luf tstrome, von Dr. H. H. Hildebrandsson (5 pp.). 
The author's conclusions are (1) the mean direction of cirrus in Europe lies 
between Soath-west and North-west ; (2) in winter it is more northeriy than in 
summer ; (3) this northern component is especially marked in Swedoi and on 
the north coasts of the Mediterranean ; ana (4) the direction of this upper 
current agrees with that of the depression tracks. — Der Fohnsturm vom 15 und 
16 Oktober, 1885, und seine Wirkungen im bayerischen Gebirffe, von Dt. F. E^ 
(8 pp. and plate). This is an account of the storm described by GoL Ward (ue 
p. 55). — Ueber Wellenbildungen in der jahrlichen Periode der Luftemperatur, 
von A. Magclssen (7 pp.). This is an attempt to show that there are regular 
waves perceptible in ttie temperature curves for all stations, from which the 
author states that he can foresee the character of the seasons. The periods 
and the amplitudes of these waves are, however, subject to variations as yet 
unexplained, which render prophecy insecure. — £inflass des Mondes Mif die 
Meteorologischen Elemente nach den Beobachtuneen zu Batavia, von J. Lisnar 
(8 pp.). — Beitrage zur Kenntniss der Vertheilun^ des Luftdruckes anf der Eiido^ 
beraache, von Dr. J. Hann ^16 pp.). This is a discussion of the eiisting 
materials for pressure charts m unfrequented regions. Dr. Hann makes an 
appeal to England to discuss fully the records from the stations established bj 
Sir H. James, and turned over in 1862 to the Army Medical Department. The 
paper gives means for the Arctic Regions, Eastern Asia, Austraha, New Zealand, 
the West Indies, and the Levant — Phanologische Studien^ von Dr. H. Hoffinann 
(8 pp. and plate). — Karte der Aufbltihzeit von Syringa V^gwrii in Europe, von 
Dr. £. Dine (2 pp. and plate). 

Monthly Weather Review ((General Weather Service of the United StaieiB). 
October-December 1885. Prepared by Lieut. H. H. 0. Dnmroomr. 
4to. 1885-86. 

Referring to the use of the terms " cyclones,** '< areas of low pressure, 
''tornadoes, &c. it is stated that the following brief definitions have be«i n 
commended for general use in the Bfiview: — " It is advised that the terma * 



. JiEOEMT PUBLICAHOKS. 1^9 

of high preunre * and ' areas of low pressure * be used in publications describing 
the location of either feeble or decided minima or maxima of atmospheric pres- 
sure, bat upon the occurrence of distinct cyclones, as defined below, the term 
' cyclone * should be used in descriptions. A cyclone is a large, gyratory storm, 
generally from 500 to 1^000 miles, or more, in diameter, with a consideraole area 
of low pressure in the interior. A tornado consists of a yery small and violent 
gyration of air, generally much less than a mile in diameter, with a rapidly as- 
cending current in the centre, and a low atmospheric pressure yery near the 
centre, although there is generally too much violence of agitation for it to be 
obsenred, and it is specially marked by a characteristic funnel-shaped cloud with 
a progressive movement." 

Pboisssional Papebs of the Signal Sebvigb. — Prepared under the direction 
of M^jor-General W. B. Hazbn, Chief Signal Officer. 4to. 1885. 

No. XVf. Tornado Studies for 1884, by Lieut. J. P. Finley. In addition to a 
brief history of the tornadoes occurring during the year 1884, this paper pre- 
sents a senes of charts showing the relation of tornado centres to areas of 
barometric minimum. The author gives the following conclusions as the result 
of his studies : — 1. That there is a defluitc portion of an area of low pressure 
within which the conditions for the development of tornadoes is most favour- 
able, and this is called the dangerous octant. 2. That theru is a definite relation 
between the position of tornado regions and the region of high contrasts in 
temperature, tne former lying to the south and east. 3. That there is a similar 
definite relation of position of tornado regions and the region of high contrasts 
in the dew-point, tlie former being, as before, to the south and east. 4. That 
the position of tornado regions is to the south and east of the region of high 
contrasts of cool Northerly and warm Southerly winds, a condition that appears 
to be dependent upon the preceding, and is of use when observations of tem- 
perature and dew-point are not accessible. 5. The relation of tornado regions 
to the movement of upper and lower clouds presents some interesting points 
for study, but, as yet, no decided results. 6. The study of the relation of 
tornado regions to the form of barometric depressions appears to show that 
tornadoes are more frequent when the maior axes of the barometric troughs 
trend north and south or north-east and south-west, than when they trend east and 
west. — ^No. XVIII. Thermometer Exposure, by H. A. Hazen (32 pp.). 

BssKBTOBiuM FUB Meteobologie. Herausgegeben von den Eaiserlichen 
Akademie der Wissenschaften. Bedigirt von Dr. H. Wild. Band IX. 
4to. 1885. 

CSontains : — Ueber den jShrlichen Gang der Temperatur-Anom alien in den 
enropiischen Cyclonen, von P. Braunow (19 pp. and plate.) — Ueber die Zuver- 
lissineit der Haarhygrometer auf meteorologischen Stationen in Russland, von 
R. Bergmann (30 pp.). — Die Vertheilung der Winde an den KiiBten des 
Schwarzen nnd Asowschen Meercs, von J. Spindler (56 pp. and 6 platesV — Ueber 
kleine nnregelmassige Barometcr-Schwankungen, von A. Schonrock (10 pp. and 
plate). — Einfluss der QualitSt und Aufstellung auf die Angaben der Kegenmesser, 
Ton H. Wild (23 pp.).— Jahresbericht dcs physikaliKchen Central-Observa- 
torinms flir 1883 und 1884 von H. Wild (1 14 pp.). 

Bbpobt of the Intbbnational Polab Expedition to Point Babbow, Alaska. 
4to. 1885. 695 pp. 

Lieut. P. H. Ray, who commanded this expedition, was present at the Meeting 
of the Ro^al Meteorological Society on May 21st, 1884, ana gave an account of thu 
doings of the Expedition, which is printed in the Quarterly Jbuma/, Vol. X. 
p. 2^. The present Report is a most extensive and valuable one. and rendered 
more interesting by a number of coloured sketches. The work is arranged 
under the following divisions: — 1. Orders and Instructions; 2. Narrative; 
3. Ethnographical sketch of the natives of Port Barrow (including vocabulary 
mnd list of ethnological specimens collected) ; 4. Natural History ; 5. Meteoro- 
logy (including Aurora) ; 6. Magnetism ; 7. Tides ; and 8. Miscellaneous Obser- 
TAtions. 
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Report of the Meteorolooioal Coxtncil to the Botal Booxett for Cho 
year ending Slst of March 1885. 8yo. 1886. 180 pp. and 12 plates. 

Tn addition to the Report on the work done in the Meteorological Office during' 
the year, this contains a number of Appendices, some of which give informatioQ 
on the following points : — Method followed in tlie collection of Hata from ships ; 
Reports on the inspection of the stations in 1884; Method of dealing with 
telegraphic weather intelligence ; Comparison of the Forecasts with the weather 
subsequently experienced in the different districts ; and Methods followed in 
dealing with the land meteorology of the British Isles. 

Report ok the Administration of the Meteorological Dkpabtkknt or 
THE Government of India in 1884-85. Folio. 102 pp. 

Mr. filanford jirefaces his Report for the year with a general review of the 
progress achieved by the department during the five years 1880-85. He then 
gives his Report on the work done durine the year, which is followed by the 
Reports of the Meteorological Reporters of the various Provinces. 

Bymons*s Monthly Meteorological Magazine. Nob. 240-242, January* 
March 1886. 8vo. 

Contains : — Rainfall in South Africa, by W. B. Tripp (4 pp. and plate). — 
I'hundcrstormti in Russia (3 pp.). — Mr. Aitken on Dew (5 pp.). — Rainfall at 
Smyrna (2 pp.). — The frost of January 1886 (1 p.). — The great Snowstorm^ 
February 28th to March 2nd (5 pp.). 

The Rosarian's Year Book for 1886. Edited by the Bev. H. H. 
D'Ombrain. 8vo. 1886. (87 pp.) 
This contains an article by Mr. £. Slawley on the Rose Weather of 1885 
(14 pp.). 

The Transactions of the South African Philosophical Sogoltt. Yol. IIL. 
Part 2. 1888-85. 8vo. 1885. 

Contains : — Irrigation on the Visch and Zah Rivers, Calvinia and Fraserbim 
Divisions, by Capt. J. A. Balfour (4 pp).— On disturbances to thermometer read* 
tngs from local causes, by A. Smith, M.A. (4 pp.). ^Catalogue of printed booka 
and papers relating to South Africa. Part II. Climate and Meteorology. Com- 
l)iled by J. G. Gamble (46 pp.). 

Transactions of the Hertfordshirb Natural History Sooibtt amd FnE]j> 
Club. Vol. m. Part 7. December 1885. 8vo. 

Contains : — Meteorological Observations taken at Throcktng, Herts^ during 
the year 1884, by the Rev. C. W. Harvey (8 pp.). — Report on the Rainfall in 
Hertfordshire in 1884, by the Rev. C. W. Harvey (8 pp.). 

Transactions op the Sanitary Institute of Great Britain, YoL YI. 

1884-5. 8vo. 517 pp. 1885. 

This volume is largely devoted to giving an account of the proceedings at the 
Congress held by the Sanitary Institute at Dublin from September 30th to 
October 4th, 1884. In Section III. a paper was read by Mr. G. J. Symons, F.R.S.^ 
on the Rainfall of Ireland (3 pp.). . The broad general features of the rain- 
fall are briefly these, viz. That most places within about 60 Iriah milea (77 
Kngliiih miles) of the South or West coast have upwards of 40 inches of rain per 
annum, and that Central. East and North-East Ireland have between 90 and 40 
inches^ Dublin being almost, if not absolutely, the driest place in Ireland.. 
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Bbikf Histobical Aooount or the Babometeb. By Wiluah Ellis, 
F.B.A.S., of the Boyal Observatory, Greenwich, President. 

LBead March 17th, 1886.] 

Some general notions in regard to the weight and pressure of air seem to have 
been entertained in ancient times, but as in other questions of natural 
science, without any real advance in knowledge until greater attention was 
given to the experimental method of inquiry. At length the evident 
inadequacy of preconceived ideas to explain rationally the action of the 
common pump led to such further study of the subject that Torricelli, either 
by his own reasoning or by suggestions from others, was induced, in the year 
1648, to make his celebrated experiment, when the barometer in its best form 
was at once created. Notwithstanding the time, thought, and labour that 
have been since expended, and the fertility of invention displayed in endeavour 
to improve, modify, and even supersede the old Torricelli tube, it still remains 
the most simple, as with our modem mechanical appliances it is also the most 
perfect form of barometer that we possess. Great as was the field of inquiry 
opened out by the discovery that the column of mercury was shorter in the 
aoticipafted proportion than that of water, it was not at the moment sus- 
pected that an instrument had at the same time been invented, destined in 
iAer years to play so important a part in meteorological inquiry ; its uncon- 
BciouB discovery in this way being in strong contrast with the slow progress 
of its companion instrument, the thermometer, towards a satisfactor}* form. 

mW SIBDBS.— Y0l«. xn. K 
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Some liitlo time indeed appears to have elapsed before it was even noticed 
that the height of the mercury in the tube was variable, or that the variations 
had any relation with changes in the weather. Then, as an old writer says, 
<< the curious began to make machines in order to observe these changes, some 
employing mercury and some water.**' But difficulties arose. Discordances, 
frequently of considerable amount, were found to exist in the height of the 
mercury in different tubes, discussion of the causes of which, as well as of 
the luminous appearance frequently obser\'ed in Uie vacuum portion of the 
tube, forms the subject of numerous communications to the older scientific 
memoirs, besides which there was the imperfectly understood action of tem- 
perature. The siphon form of instrument would appear to have been early 
contrived, though in general abandoned as diminishing the range of motion of 
the mercury in the tube, the first ideas in regard to improvement, for such 
reasons as have been mentioned, running rather in the direction of endeavour 
to enlarge tlie scale. 

As regards a name for the new instrument, we read in the PhUosophieal 
Tramactions for 166G, page 158, that <' Modem Philosophers, to avoid 
Circumlocutions, call that Instrument, wherein a Cylinder of Quicksilver, of 
between 28 and 81 Inches in Altitude, is kept suspended after the manner of 
the Torricellian Experiment, a Barometer or Baroscope • • • • • to 
detect all the minute variations in the Pressure and weight of the Air. For 
the more curious and nice distinguishing of which small changes, Mr. Hooke 
in tlio Preface to his Micrography has described such an Instrument with a 
Wheel, contrived by himself, and, by these two last years' trials of it, con- 
stantly found most exact for that purpose.** IIooke*s instrument with a 
wheel and index is described, as mentioned, in his JMicrographia published in 
1GG5, as well as in the PhilosojJacal Tramaciiom of the following year. This 
early form of instrument is sufficiently well-known to require here no forth^ 
description. It would appear from these accounts that one line with single 
pulley only was used, not two distinct lines and a double pulley, as in later 
times. For common use the wheel barometer has been much employed, and 
was indeed used by Luke Howard, but its vitality has probably been in great 
measure due to the circumstance that some elegance of appearance can be 
more readily given to this form of instrument : now it is probably nm rather 
hard in its struggle for existence by the more modem and favourite aneroid. 

In the Philosophical Transactions for 1G66 there is further an account of a 
different kind of instrument, Boyle*s *' new kind of baroscope, which may be 
called statical,** a balance, carr^-ing at one end a hermetically sealed thin and 
comparatively light glass sphere, and at the other a metal counterpoise, the 
angular deviation being measured by on index traversing a divided arc. He 
adds that, *' this instrument being accommodated with a light wheele and an 
index (such as have been applyed by the excellent Dr. Chr. Wren to open 
Weather glasses . • . .), may be made to shew much more minute variations, 
than otherwise.** Many years after, in the year 1871, Heller published in 

1 Traittez des Banmltres^ Thermomltref^ et Notioni^tr^i. Amsterdam, 1688, page 21, 
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the PkUatophieal Magazine an account of a " barometer without mercur}%" 
really a similar arrangement, a scale beam, to the ends of which were fixed 
two bodies nearly equal in weight but differing greatly in volume, a hollow 
sphere and a solid cylinder. 

One of the first proposals, independently of that of Hooke, for increasing 
the scale of the barometer, was that which has been ascribed to DescartcFi, 
although carried into actual execution by Huyghens, and consisted of enlarge- 
ment of the diameter of that portion of the tube about the upper end of the 
mercurial column, and the attachment of a supplementary tube extending 
upwards and containing water, the motion of the surface of which in the 
added tube magnified the variations of atmospheric pressure. This construc- 
tion proving unsatisfactory, independently of its awkward proportions, 
Hnyg^ens in 1672 proposed another, known as the double barometer, in 
which, adopting the siphon form, the portions of the longer and shorter 
branches about the two ends of the mercurial column were both enlarged, an 
open supplementary tube extending upwards from the shorter open branch 
being added. Besting on the mercury and rising to a certain height in the 
tnbe, a mixture of water and aquafortis was placed, by which again a magnified 
representation of the variations of atmospheric pressure was obtained. In 
the year 1690 De la Hire proposed to vary the Huyghens arrangement by 
adding, at the upper end of the supplementary tube, a third enlargement, and 
employing above the mercury, instead of one liquid, two that would not mix, 
a portion of the upper fluid remaining always in the upper enlargement : thus 
the varying position of the point of division of the two liquids indicated the 
variations of atmospheric pressure. The same form had, however, been 
previously invented by Hooke, who, having early found the action of his wheel 
barometer to be uncertain, had his thoughts, so long before as 1668, turned 
towards the contrivance of some other form of extended scale barometer. 
His double barometer, perfected in 1685, is described in detail in the Philo- 
90phieal Transactions of the following year. He used in the same way two 
lipids, the variation of the point of division between which similarly 
magnified atmospheric changes. 

In the Traittez des Barometres, Thertmnietres, et NoHoHk'treSy to which 
reference has already once been made, an early form of portable barometer is 
described, one having a closed wood cistern, experience, as the author says, 
having shown that there was no necessity for openings in the cistern, the 
pores of the wood giving sufficient means of communication with the external 
air. 

The diagonal barometer, said to have been contrived by Morland, is one in 
vriiieh the upper part of the upright tube is inclined considerably to the 
Tertieal, for the purpose of increasing the apparent range. Ancient instru- 
ments of this pattern were to be seen in 1876 in the Loan Collection of 
Seieniifie Apparatus at South Kensington, and some instruments of this 
pattern have been recently made in London. Morland is understood also to 
haye contrived the original form of balance barometer, in which the tube 
suspended from one end of a beam or steelyard floated in a fixed cistern, the 
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other end of the beam indicating the barometric TariationB. This is a 
principle adopted in recent times in many patterns of recording instmments. 

Derham, in the PhUotophical TransactioM for 1698, refers to the diagonal 
form of barometer as ** a tube communicated to me by a friend which senreth 
for the more nice measoring the height of the mercury/' He also describes 
a portable barometer in which the tube above the mercury about an inch from 
the top is pinched in to bridle the blow of the mercury against the top, the 
instrument being suspended on a tripod stand. Before this time it would 
appear that no means were employed for accurately indicating the precise 
height of the mercury. But Derham, in this year, 1698, proposed to use for 
this purpose a *' fine finger,*' a rack connected with which moved a hand, 
traversing an attached circular dial divided into one hundred parts corres- 
ponding to hundredths of an inch. Also in the same year Gray proposed to 
leave the barometer tube free, and read off the height by an adaptation of a 
double microscope furnished with a micrometer. This was supported by, and 
could be moved up and down on, a separate vertical rod. The observer is 
directed to turn the screw which raises or lowers the microscope until he has 
brought the hair in the field of view <* to touch as it were the surface of the 
mercury." The upright scale is divided into tenths of an inch, lesser parts 
being read from a horizontal divided circular dial. The arrangement is, in 
principle, that of the modem cathetometer. 

The rectangular barometer in which the tube at the upper closed end is 
formed into a cistern, and the lower end extended as a narrow horizontal 
tube, with the object of increasing the range of motion, the principal aim in 
these times, is ascribed to J. Dominic Cassini and John Bernoulli. 

Amontons in 1688 contrived a diminished form of barometer in which the 
pressure of the atmosphere was sustained by the mercury contained in a 
succession of two or more siphon tubes of lesser height, the lower portion of 
one siphon being carried by an intermediate tube to the upper portion of the 
next, the connecting portions containing air. Increasing the number of tnbes 
permits proportionate decrease of their height, but the difficulties attending 
the accurate construction of the instrument were too great to render it of any 
practical use. A construction similar in principle has been ascribed to 
Fahrenheit. The ingenious and more elegant conical barometer of Ainontons 
is described in his Bemarqius et Experiences Physiques, published in 1695. 
This instrument was designed for use at sea, and consists of a single tabe 
closed above, open below, and of diameter increasing gradually downwards. 
Decrease of atmospheric pressure causes tlic mercury in the tube to fall, the 
spreading out of the mercury diminishing its vertical height and measuring 
the new pressure. Amontons points out defects to which the instrument is 
subject, but, as showing important barometric changes, and as being better 
adapted for transport, he considered it more suitable for use at sea than 
other forms. Dcsaguliers describes it as having been much used, especially 
at sea.^ And Halley, in the Phihsophi<^al Transactions for 1720, referring to 

^ Experimental Philoso^kyt Vol. II, 
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barometers of the kind made by a Mr. Patrick, proposes that two such 
insimments, as nearly alike as possible, should be used in combination for 
measuring altitudes. 

Hooke*s marine barometer consisted of the use, in conjunction, of an air 
thermometer, on which pressure and temperature both acted, and a *' sealed ** 
thermometer affected by temperature alone, so that, by comparison, changes 
of pressure could be inferred — in principle the modem sympiesometer, as 
reinvented by Adie, and of which there are various forms. Halley in 1700 
says that he used Hooke*s instrument in his late southern voyage, and that 
" it never foiled to prognostick and give early notice of all the bad weather 
we had.*' Amontons in 1705 proposed in principle a similar construction 
also for use at sea. And various modifications of the same prmciple have 
been suggested. One is described by Desaguliers in the Philosophical 
Tran$acti(m$ for 1724 under the title of ** A new contrivance for taking 
levels/* in which, to neutralize the effect of temperature, he proposed in using 
his instrument to place the principal part of it in water of a constant tem- 
perature. In these instruments the fluid used was some comparatively light 
liquid. But in the year 1828, Murray and Meikle separately made proposals 
for employing mercury. Another instrument of the same class, including 
instrumental compensation for temperature, is Calantariento*s portable 
mercurial barometer. To which may be added that other recently proposed 
and more satisfactory type of instrument, in which a definite degree of com- 
pression is measured, the Boylean-Mariotte portable barometer, by Macneill. 

Fahrenheit in 1724 remarks on the variation of the boiling point of water 
under different atmospheric pressures, the principle involved in the thermo* 
metrical barometer. 

Betuming awhile to the wheel barometer, Le Clerc, in 1744, constructed a 
modified form of this instrument. A straight barometer tube was hung by a 
chain to a pulley provided with the usual index and indicating dial. But rise 
or fiedl of the mercury in the tube did not actually turn the pulley, and to 
make an observation the tube itself had to be raised or lowered, by rack and 
pinion, until a fixed mark on the tube was brought to coincide with the 
sarfiace of the mercury within it. This operation reset the index, which con- 
tinned to occupy the same position until another reading was required. The 
same action of the pinion worked another rack carrying a short tube also 
dipping into the mercury, so that when one tube became raised the other 
was correspondingly depressed, whereby the constant level of the mercury in 
the cistern was to be maintained. The inventor called the instrument an 
equation barometer. But it is cumbersome in form, in this respect contrasting 
greatly with the elegant instruments constructed by Fitzgerald, and described 
by him in the Philosophical Transactions for 1761 and 1770. In the second 
and more elaborate of these two forms there are two pulleys, each having an 
index hand ; one revolution of the lower pulley corresponding to a change of 
three inches of atmospheric pressure, and one revolution of the upper pulley 
to a change of one inch of pressure. The pivots of the lower pulley movc<l 
each between three firiction wheels, those of the upper pulley rested on two 
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friction wheels. Each pulley was also double. The line from the floai 
passed once round the outer lower pulley, then passed to the outer upper 
pulley ; that from the counterpoise was wound in the contrary direction, hut 
uthon^'ise in a similar way round the inner lower and inner upper pollejs, so 
that when once adjusted the index hands could not be misplaced. The upper 
index hand, moving once round for one inch change of pressure^ acted upcm 
two other delicately balanced index hands, each carried on a separate circle 
concentric with the axis, both circles running on friction wheels. These 
additional hands were pushed backward or forward by the registering hand 
for record of extremes of pressure. The mechanical parts of both insim- 
ments were the work of the watchmaker Vulliamy, and appear to have been 
constructed with great care. The first form of instrument was exhibited to 
the Royal Society, and both are said to have worked well. 

The construction of barometer in which, by means of a screw aetiiig upon 
a leather below the cistern or upon a leather bag in place of cistern, the 
mercury could be forced up to fill the tube, and so render the instrument 
portable, appears to be first mentioned by Rowning in 1744, in his Natural 
PhUosopJiyt being there spoken of apparently as an acknowledged form. 
Bourbon, in 1751, invented a similar construction, which was reported npon 
as being apparently similar to the English Sisson. A similar form is de* 
scribed by Desaguliers. Brisson, in 1755, constructed a barometer in which, 
when the instrument was placed vertical, the superfluous mercury in the 
cistern ran out of a small hole into a receptacle, thus ensuring a definite level. 
Other overflow cistern arrangements were proposed by Lavoisier in 1779, 
Austin in 1790, Power in 1877, and by Negretti and Zambra in 1886. 

Dc Luc, about the middle of the last century, constructed with great care 
a siphon form of barometer, which he employed in mountain work to a eon- 
sidcrable extent. The mercury was boiled in the tube. There Were two 
scales, the divisions of one increasing from an intermediate point npwards, 
and of the other from the same point downwards, the sum of readings giving 
the observed height. The scales were apparently without index or vernier ; 
they were divided to quarter lines and smaller parts estimated by eye. We 
find here a thermometer provided for the purpose of correcting the observod 
reading for the efiect of temperature.^ 

Cavendish, in the Philosophical Transactions for 1776, gives an account of 
the meteorological instruments " used at the Boyal Society's house.** The 
barometer was of the cistern kind of 0*25 in. bore, and the area of the cistern 
about 120 times that of the bore. The mercury was not boiled in the tube, 
and the thermometer ** within doors '* was recorded in case it should be 
desired to correct the observations for the efiect of temperature. 

The form of barometer prepared in 1780 for use by the Meteorologicai 
Society of the Palatinate was a cistern barometer, the internal diameter of tbo 
tube being 2 lines and the diameter of the cistern 17 lines. The merciuy 
was boiled, and the scale was read by a sliding vernier having index projectiog 

^ Rteherckfd sur Us modifieatiom de Vatnwitpkln, Vol. II. 
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m ^nt of ihe tabe. A thermometer was provided for correction of the 
observations for temperature. 

Naime and others are understood to have conBtructod marine barometers 
in the last century in which the tube below the scale was very much con- 
tracted. Blondeau contrived a special form of siphon barometer for use at 
sea, in the construction of which he employed iron in consequence of the 
liability of glass to fracture when exposed to the firing of cannon. In the 
modem so-called '' gun *' barometer, however, by packing the tube with some 
substance that will not transmit vibration, it is found possible to employ glass 
tabes oven with the present more powerful artillery. 

Cotte, in his Memoires sur la Meteorolotjief gives an account of a portable 
barometer by our English Ramsden, which is of some interest. He speaks 
of having obtained the drawing and description of the instrument from a loose 
leaf in a dilapidated state which came into his possession in an accidental way, 
a circumstance curiously contrasting with the ready intercourse of modern 
times. In this barometer an index, standing across the front of the tube, was 
moved by rack and pinion until its lower edge, and that of a similar index 
placed behind and moving with it, could be seen in contact with the convex 
surface of the mercury, as a tangent to it, by which, as Cotte says, the height 
of the column of mercury could be measured with precision. This double 
index carried two verniers, one referring to a scale of English inches and 
tenths, the oUier to a scale of French inches and lines. There was also an 
attached thermometer graduated according to both Fahrenheit and Reaumur, 
with a supplementary scale showing the corresponding correction in hun- 
dredths of an inch, English, for reduction of the barometer reading in English 
inches to the standard temperature of 55^ Fahrenheit. An index which could 
be set to the top of the thermometric column pointed out on this scale the 
correction required. Speaking of other of Kamsden's barometers, Cotte 
mentions a provision for adjustment of the mercury level of the cistern, con- 
sisting of an ivory float, a horizontal line on which, by screw action on the 
cistern, was to be adjusted to coincidence with other lines on ai^acent fixed 
pieces of ivory. He describes also a form in which the frame of the instru- 
ment was cut away behind the upper portion of the tube, a ring encircling 
which was brought down until its lower edge just touched and shut out the 
light from the convex surface of the mercury. A precisely similar construc- 
tion to this last he also ascribes to a French artist. 

Hamilton, in 1791, proposed a portable barometer for measuring heights, 
in which the cistern was closed, the upper portion through which the tube 
passed being formed of cork. Engleficld, in 1806, proposed another having 
a cistern of box- wood entirely closed up : he describes it as being sensitive and 
as comparing well with a Ramsden barometer. A similar arrangement of 
cistern entirely closed had been long before proposed in the Amsterdam work 
to which reference has been before made. 

Gough, in 1807, applies to the lower widened briOnch of a siphon barometer 
an ivory piston moveable by means of a rod passing upwards, which was raised 
<v lowered as necessary before taking an observation to bring the surface of 
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iho mercury to the level of a line cat on the external surface of the i^ass 
corresponding to the zero of the scale. In an old barometer by Newman, 
now at the Boyal Observatory, Greenwich, and formerly used in the astrono- 
mical department, this principle is more completely carried out by means of 
a double rack arrangement, by which the action of setting the barometer 
raises or depresses a plunger in the cistern corresponding in size to the 
internal diameter of the tube. The motions of the vernier and the plunger 
being in opposite directions, a constant level in the cistern is maintained. 
Wentworth Erck afterwards proposed a precisely similar arrangement. 

We now come to another historic name. In the Annale$ de Chhmu for 
1616 there is description of a new portable barometer by Gay Lussae. He 
speaks of the then existing need for a barometer which should be easy oi 
transport and which could at the same time be promptly observed, stating 
that, of the large number of portable barometers previously produced, few 
existed that had been approved or generally adopted. He adds that we must 
place in the first rank the cistern barometer of Fortin, as being distinguished 
by its exactness, excellent construction, and easy transport, only that it was 
a little heavy. A further remark would appear to indicate that this reference 
is to Fortin's arrangement of a fixed point to which the surface of the mercury 
in the cistern should be adjusted. Gay Lussac then describes his new form 
of barometer, which, adopting for lightness the siphon principle, he had indeed 
carried into execution some time previously. Experience, as he says, having 
shown that the new barometer had advantages, he in a modest way suggests 
that it might be worthy of a place amongst instruments of the kind. The 
lower part of the longer branch is much contracted, forming for a length of 
several inches a capillary tube, the shorter branch being closed, excepting 
that there is a small hole near its extremity from which the mercury will not 
escape except under great pressure. Both the columns of mercury are read. 
Gay Lussac adds most careful directions as to the manner in which the baro« 
meter should be practically constructed. 

But it was afterwards in some instances found, and especially when the 
barometer in travelling occupied a horizontal position, that air would insinuate 
itself into the tube of the Gay Lussac form. On this account Bunten, of 
Paris, in the year 1824, placed within the lower part of the main tube another, 
tapering downwards and terminating in a small orifice, by which means access 
of air to the vacuum was entirely prevented. This improvement appears to 
be frequently, though by no means universally, ascribed to Chiy Lussac 
himself, being known as the ** pipette" or **air trap.'* But Arago and 
Humboldt, in testifying to the excellence of the addition in question, both 
speak of it as being due to Bunten, to whom, therefore, it would appear Uiat 
the credit of the arrangement should be really assigned. 

Excepting the preceding incidental mention of Fortin and a previous 
allusion in the Annales de Chimie for the year 1804, no more precise infor- 
mation concerning him has been met with. His elegant cistern arrangement, 
in which the mercury is raised until a fixed ivory point is seen just to toacs& 
PVfejjpiage reflected therein, would appear to have been in use before 1919, 
^pow lon{{ before ueems uncertain. 
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Playfair in 1816 recommended that barometer tubes for mountain work 
should be made of iron, proposing to fill them at the place of observation. 
Stevenson, in 1874, again proposed the use of iron for portable barometers, and 
describes a system of stopcocks for expeditiously clearing the vacuum portion 
of any remaining sir. 

The first mention of the practice of fixing a thermometer with its bulb in 
the barometer cistern, for ascertaining the proper temperature of the mercury, 
is found in a paper by Newman in the Quarterly Journal of Science for 1824. 

Blackadder in 1825 proposed to arrange a number of barometers, each 
having a cistern of iron in which was a small orifice governed by an air-tight 
stopcock, so that, by clock action, communication between the cistern of each 
barometer and the external air might be cut off at successive hours, and thus 
give indications of atmospheric pressure during absence of an observer. 
Lamont with a similar object afterwards proposed to employ twelve separate 
barometers, having arrangement by which they should severally indicate the 
barometric pressure at definite times ; but ultimately, in 1846, he adopted an 
arrangement in which one barometer was made to serve. 

In the PhUoeophical Transactions for 1887, Baily describes the well-known 
flint-crown glass standard of the Boyal Society, which consisted of two distinct 
tubes, one of flint and one of crown glass, dipping both into the one cistern. 
The scale, common to both tubes, was carried by a rod passing between tliem 
and terminating below in an agate point, which ^^carrying the rod and scale) 
was adjusted by rack and pinion to the surface of the mercury in the cistern. 
The diameter of the flint-glass tube was 0*594 in., that of the crown 0*658 in. 
At this epoch also were made the excellent Newman standard instruments, 
specimens of which are still in use at the Royal Observatory, Greenwich, and 
at the Kew Observatory. The diameter of the Greenwich tube is 0*565 in. 
A rod carries the scale above and terminates below in an ivory point, for 
acyostment to the surface of the mercury, as in the Royal Society instrument 
just described. The arrangement is the opposite of the more generally 
employed system of Fortin, in which the mercury is a^usted to the point 
which is fixed. 

Howlett, in 1880, proposed to add a second tube filled with mercury to 
the height of 28 inches above the cistern level, the additional tube to be 
fixed to a float supported in the cistern, and to carry at its upper end a scale. 
It is assumed that no cistern adjustment would be required, and neglecting 
the slightly different lengths of mercury in the two tubes, that no correction 
for temperature would be necessary. 

Davont in the Comptes Eendus for 1857 describes what he calls a repeating 
barometer, consisting of a graduated cylindrical glass tube placed in a vertical 
position and containing a small column of mercury, the extremities of tlie 
tube permitting of being opened or closed at pleasure. The mercury is at 
first in contact with the upper extremity, which is closed, the lower being 
open; closing it and opening the upper one, the mercury sinks to a small 
amount, then closing the upper end and opening the lower a further sinking 
ooeurs. . This is one operation. Repeating the operations until the mercury 
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arrivos at the lower extremity of the tube, the total fall of the mereory* with 
the number of operations performed, is described as giving indieation of the 
variations of atmospheric pressure. 

The contrivance of some satisfactory method of enlarging the barometric 
scale seems to have ever been a favourite project, and no less so in more 
modem times. McGwire, in 1791, proposed a floating mercuial barometer 
having a longer scale and which was also a recording instrument. In 
Howson*s long range instrument the tube is fixed and of greater length than 
usual, there being attached to the bottom of its cistern a long light stalk 
rising upwards and occupying the central portion of the tube : the cistern, 
held in suspension, varies its position with the varying atmospheric pressure. 
Macneill^s barometer is another of the long range kind, but here the cistern 
is fixed, in the mercury of which the tube is freely suspended. Both Howson 
and Macnoill suggest that their instruments might be utilised for purposes of 
self-registration. Hicks has also proposed a barometer having extended 
scale consisting of a straight glass tube closed at the top and open ai the 
bottom, the bore of the lower portion of the tube being larger than that of the 
upper portion. Another form by Hicks is one in which the upper portion of 
the tube is spiral shaped. And Guthrie connects the two branches of a 
siphon barometer by a horizontally placed spiral of smaller internal diameter, 
having an included small air bubble to indicate the barometric change* 

In Vol. n. of Du Monccl's E^rjfose des applications de VHectridU there is 
described a contrivance for adjusting the mercury level in the cistern of a 
barometer by application of an electric current. In place of an ivory point 
a platinum point is used, the electric circuit being closed when the mercury 
comes into contact with the point, which rings an electric bell. On connect- 
ing the battery, should the bell begin to sound the cistern requires to be 
lowered until the sound just ceases, but should the bell be silent the cistern 
must be raised until the sound just commences. It is shown also that by 
adding above the mercurial column another platinum point, communication 
with which is made through the tube, the same principle may be applied also 
to mcasuremeut of the height of the column itself. In this case the cistern 
point is attached to a screw carrying above a divided circular counter, moving 
vertically against the engraved scale. The barometric column is first ac^nsted 
by the cistern screw, then the cistern point is adjusted by the screw carrying 
the circular counter, the reading of which, in combination with the scale 
reading, gives the complete barometric indication. 

In regard to primary standards, reference may be made for a description 
of the great Kew standard to a paper by Mr. Welsh in the Phila9oj>hiciU 
Transactions for 1856, wherein is also described the cathetometer arrange- 
ment for reading the standard and barometers to be compared therewith. 
Of otlier standards mention may be made of the normal barometer and 
cathetometer of the Russian Central Physical Observatory ,of which a descrip- 
tion is to be found in the Repertorium fiir Mcteoroloffie, Vol. III. 

A well-known and convenient form of modem English instrument is the Kew 
Marine Barometer, constructed by P. Adie at the suggestion of the Kew Com- 
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mitiee of the Britifih Association, in order to meet the requirements of the 
Bmssels Maritime Conference of 1658. In this instrument the cistern is of 
iron without adjustment, and closed, excepting at a small protected aperture, 
the tuhe helow the scale heing contracted and including also the pipette 
arrangement. The whole is contained in a brass frame, the divided scale 
being shortened to compensate for the varying level of the mercury in the 
cistern. For sea use the instrument is supported in gimbals. The gun 
barometer, already alluded to, is a modification of that just described. The 
fishery or sea coast barometer is one intended to be simple, durable, and 
soflleiently accurate for ordinary practical purposes. Barometers used at 
Russian meteorological stations are described in Wild*s Instruction /i'tr 
meteoroloffiwhe Stationen and in the volume of the Ilepertorium just quoted. 
That used in the United States Signal Service work appears to be of cistern 
form, having a small glass index to which by screw action the mercury is 
a^jusied. 

But the forms of modem mercurial barometers really group themselves 
generally into two divisions, the cistern form and the siphon form, and 
although there exists great variety in the manner of arranging details of 
construction, these scarcely require special notice. The cistern form is that 
principally used in England, but on the continent the siphon form appears 
to be employed also to a considerable extent. Reference may perhaps bo hero 
appropriately made to two small appliances in regard to cistern barometers, 
Darnell's platinum guard, a thin piece of platinum tube attached to the open 
end of the barometer tube, and considered by Daniell to prevent the infil- 
tration of air ; and Wallis's barometer adjunct, a small microscope capable of 
being attached to a barometer cistern, to facilitate adjustment of the ivory 
point. 

Allusion has been made to the discordances observed in early times 
between the indications of different barometers, one principal cause of which 
would no doubt be the presence of air in the tubes. Apparently, however, it was 
not until somewhat before the middle of the last century that the practice of 
boiHng the mercury for correction of this defect began to be adopted. Earlier 
writers speak of the application of heat to drive out air, but the first descrip- 
tion of actual boiling that has been remarked is that given by Beighton in the 
Phiio90phtcal TratiMCtions for 1788. Speaking of the method of Orme, a maker 
of diagonal barometers, he says, <*The Quicksilver is all purified from its Dross 
and earthy Particles by Distillation ; and when the Tube is filled by a Poimd 
and a half, two, or three Pounds of Mercury, and all the Air got out by the 
Methods used in filling Tubes, then the remaining Air is got out by such an 
intense Heat of Fire as makes the Mercury boil, .... which curious ns 
well as fatiguing Operation is continued for the Space of four Hours .... 
every part of the Mercury boiled for a long time.** He goes on to say that 
barometers so prepared '* are sensible of the most minute changes of the Air 
whatsoever. They foretell the Weather by a much longer Space of Time tlian 
others, as mostly 20 Hours, sometimes 86 or 48 Hours : Nay, before great 
Tempests, and such Rains as cause great Floods, for a much longer time before 
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they happen." De Luc, in his Recherches sur les moilifieiUions de V atmosphere^ 
Vol. I. p. 193, gives detailed instmctions in regard to boiling the mercnry 
in the tube, which appears about the middle of the last century to haye been 
perfectly well understood, and since generally practised. In the Royal Society 
barometer, as existing in 1776, the mercury, as we have seen, is said not to 
have been boiled in the tube. For the barometers made, 1780, for the 
Meteorological Society of the Palatinate, the mercury was boiled. 

The practice of attaching to barometer scales words indicating the kind of 
weather to be expected with different heights of the mercury appears to be 
one of comparative antiquity. At page 185 of the Amsterdam work, bearing 
date 1688, special directions are given in regard to the manner of placing 
them, and nine different distinctions of weather, corresponding to nine 
different heights of the mercury, are enumerated. They are in descending 
order, <*grando s^heresse, tres-scc, beau confirm^, beau temps, changeanton 
variable, pluio ou vent, grosso pluie & grand vent, orage, grande tempesie." 
Derham in the Philosophical Transactions for 1698 mentions weather plates, 
but says nothing about any words. Amontons in 1705 speaks of a barometer 
'* mont6 & la maniere d*Angleterrc,** which carried two little plates of copper 
marked with the different states of weather that might be expected to o<scur, 
as *' beau temps, changeant, pluie, &c.'* The illustrations of Fitzgerald's 
wheel barometers 1761 and 1770 show six different distinctions of weather, 
whilst on the portable Ramsden barometer, previously described, and on 
other barometers of the same period, there are seven. In an old barometer 
by licballio of Rotterdam, date unknown, ton such indications appear. Many 
modem barometers, however, carry only four, so that on the whole popular 
faith in the wording is probably weakening. The desire to supplant the old 
phrases by something better is not of recent origin. Changeux proposed a 
new wording for barometer scales having regard to different winds,' much in 
the same way that FitzRoy in more recent times endeavoured to introduce pne 
that should better accord with actual fact. 

In early times there was much uncertainty in regard to the action of tempera- 
ture on the barometer owing to the complication produced by the frequent 
presence in the vacuum portion of more or less air. Amontons, in the Mem. 
Acad, Roy, des Sciences for 1704, appears to have first endeavoured to formu- 
late a correction for temperature. He reduces to 50 by his thermometer, 
which represents apparently a low temperature, and he gives a table of 
corrections. De Luc determined the augmentation of the mercurial column 
due to heat by experimentally heating an apartment in winter, and concluded 
that an increase of heat which raised a thermometer from the freezing to 
the boiling point augmented the ordinary height of the mercurial colunm 
by six lines, and he adopted a temperature corresponding to one-ei^th 
part of the distance between the frcczirg and boiling poinisi equivalent 
to IQP Reaumur or 51^*5 of Fahrenheit, as that to which barometer 
readings should bo reduced, since it probably corresponded most nearly 

I Cotte. Miinoires iur la Meteorologies Yol. I. p. 590, 1788. 
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with the average of all observations.* The Meteorological Society of tl>e 
Palatinate in this seem to have followed De Lac' Cavendish, in 1776, 
speaking of possible correction of the Royal Society observations, considers 
60^ Fahrenheit as that to which reduction wonld be made. In the Ramsden 
barometer the supplementary scale indicating the correction for temperature 
was arranged to give the reduction to 55° Fahrenheit. Cotte in 1788, 
however, speaks of reduction to the freezing point, and gives a table for the 
purpose.' Now the universal practice is to reduce to the natural zero of the 
freezing point. 

Barometers have been constructed, as is well known, in which, instead of 
mercury, some liquid of less specific gravity has been employed. Water 
and other liquids appear to have been used in very early times, but coming 
down to the present century, Luke Howard in 1801 made a barometer of 
siphon form using linseed oil, and though he found the range of motion such 
as he expected, the discrepancy between the proportionate variation of the 
oil and quicksilver was continual and great : there were also other objections, 
and he gave the project up. Li 1880 Daniell constructed the well-known 
water barometer of the Royal Society, describing all the operations with 
great detail in the Phiioiophical Transactions for 1882. It was filled by 
boiling distilled water, which was forced up the tube by the pressure of 
steam in the boiler. The tube being sealed, the boiler then became the 
eistem, in which the water was covered to the depth of half-an-inch with 
pure castor oil to cut off communication with the atmosphere. The baro- 
meter, however, became deteriorated, and in course of time was found to 
read 7 inches of the water scale too low. In 1844 Daniell was requested by 
the Royal Society to reboil and adjust the barometer, which was done ; but 
whilst experiments with it were in progress occurred his lamented death. The 
instrument was afterwards removed to the Crystal Palace, Sydenham, where 
it was destroyed in the great fire which occurred there some twenty years 
ago. A successful form of water barometer appears, however, to have been 
ecmtrived by Alfred Bird, of Birmingham, who gave an account of his in- 
strument in the Philosophical Magazine for 18G5. It was said to have been 
then in perfect action for six years. The water in the cistern was covered 
with olive oil. Mention should be made of the efforts in this direction of 
J. B. Jcnrdan, who, not satisfied with water barometers, was induced to 
experiment with other liquids, and selected glycerine as seeming to answer 
for the purpose best. He covers the surface in the cistern with a shallow 
layer of petroleum oil. The record as given by a glycerine barometer con- 
structed by Jordan appears daily in the Times newspaper. Glycerine has 
also been employed to form a compact long range barometer, by attaching 
to the short branch of a mercurial siphon barometer a narrow upright tube 
in which the glycerine is placed. 

1 Reeherehit tur les modifications de Vatmosphhre, Vol. I. pp. 197 and 201. 

* TramnaUer. JHe Mannheimer meteorologische Qeselltchaft, 

• flemoires sw la McteorolofUf Vol. I. p. 519, 
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In addition to mercurial and other barometers of the ordinary pattern, 
various kinds of floating barometers have been proposed ; some in ^diieh 
the elasticity of air confined in a floating vessel causes it to rise or fidl with 
the varying atmospheric pressure, as in those of Caswell 1704, and Ck>oper 
1889; others in which a mercurial barometer is used to determine the 
floatation, as in those of Bowning 1788, Stevelly 1886, and Armellini 1867; 
in another, an American contrivance by Clum, 1865, and known as the 
Aelloscope, a mercurial barometer in combination with a collection of air or 
gas chambers of considerable size is used. Several of these instnunentB, 
regarding their various principles of action, are interesting as oontrivanoes, 
though not adapted to practical or scientific work, and we might enter into 
detailed description of some of them were it not that there are still more 
practical matters with which to deal. 

Before speaking of metallic barometers it may be interesting to mention 
that Zaiher in 1758 proposed for use at sea a hollow cylinder vmd of air, of 
which the ends should be moveable, but kept apart by an internal spring, so 
that when the elastic fotoe of the air augmented, the ends would approadi, 
separating when it diminished. Of modem metallio barometers the prin- 
cipal are the ordinary aneroid, with its variations, and the Bourdon pattern. 
The question of forming a satisfactory instrument on the aneroid principle 
appears to have attracted other attention before the time of Yidi, the in- 
ventor of the aneroid, who himself seems to have arrived at a successfol form 
only after the expenditure of considerable time and trouble. He is said to 
have produced an instrument as early as 1848, although it was not until some 
years afterwards that his instrument became generally known. It scarcely 
needs description. Improvements successively made have been the appliea- 
tion of a temperature compensation bar, and Uie substitution of a laminated 
steel spring for the old form with spiral spring. Bush in 1851 added an 
altitude scale. Negretti and Zambra are understood to have first made 
aneroids of pocket size. Losoby, Goldschmid and others further modified 
them in the direction of doing away with the gearing work and substitating 
measurement by means of a micrometer. And Field, by an ingenions shifl 
of the altitude scale, accommodates the instrument to different air tempera- 
tures for altitude work. Bichard, Breguet, and others have adapted the 
aneroid, using one or more vacuum chambers, to register its indications on a 
revolving cylinder. The Bourdon form of metallic barometer consists of a 
thin elastic metal tube of elliptic section, in shape a portion of a circle, closed 
at its ends and exhausted of air. Increase or decrease of atmospheric 
pressure causes the ends to approach or recede, which motion by gearing 
work is communicated to an external index. Kohlrausch in 1874 caused a 
Bourdon ring to act on a small suspended mirror, in which by means of a 
telescope were seen by reflection the divisions of a fixed vertical scale. And 
by others the Bourdon ring has been made to work a pencil and give a con- 
tinuous record. 

Of other barometrical contrivances there are two of peculiar construction 
designed to indicate small changes of pressure; one is the differential barot 
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meter of Wollaskm, the other the differential microbarograph of Whitehoose. 
The fianner consists of a box composed of two equal divisions : a glass tube 
passes downwards from the bottom of one division, turns, and passes in at 
the bottom of the other. One division is open above, the other quite closed, 
ezeepting by a short horizontal pipe, projecting from one side. A little 
water being poured in, rises equally in each leg. Then oil is added on each 
side until it rises into the box, of course adding it so as to keep the water 
in each leg at the same height. Thus any additional pressure communi- 
cated through the horizontal pipe to the surface of the oil in the closed 
division of the box, acting through the glass tube, depresses the point of 
jonotion of the oil and water on one side, and raises it on the other. In the 
Whitehouse instrument the action depends on the flow and reflow of water 
between two hydraulic chambers, connected by a tube or siphon, one cham- 
ber being open to the atmosphere, the other closed but in pneumatic 
communication with an underground air chamber, so buried to ensure 
freedom from diurnal changes of temperature. The flow and reflow of water 
through the tube is made to move a tracing point. The instrument regis- 
ters only minute variations of pressure. A capillary tube communicates 
between the air chamber and the atmosphere, whereby the equilibrium, 
disturbed by greater changes of pressure, is being constantly restored. 
The former instrument is for experimental use, the latter for showing small 
atmospheric variations. 

In Nature t Vol. XXV., Joly, of Dublin, describes a scheme for ascertaining 
the reading of a distant mercurial barometer by a method which has pos- 
sibly the merit of not having been before proposed. He carries two wires 
throu^ the head of the barometer tube, one is continued downward into the 
mercury to a point below which the mercury never falls, tlie continuation of 
the other is a fine carbon thread carried also to the same point, and there joined 
to the wire. The outer ends of the wires pass to the recording station, an electric 
cnrrent sent from which traverses both wire and carbon in its passage. 
The carbon thread having a high resistance, the inventor considers that at 
a station four miles distant, involving eight miles of wire, and for a given 
diameter of copper wire and carbon thread, the variation of potential due to 
the rise and fall of the mercury in the barometer tube would be sufficiently 
marked to enable him to measure the barometric variations. 

Reference should be made to Stanley's chrono-barometer exhibited before 
our Society in 1877, and again lately, having pendulum consisting of a mer- 
enrial barometer, the variations of which cause variation of rate. Thus tlie 
number of vibrations made during a given interval measure tlie mean atmo- 
spheric pressure during that interval. Prof. Bankine in 1853 proposed to 
attach a siphon barometer to a revolving clock pendulum, witli a similar 
object. And a Mr. Hall exhibited some such contrivance in the Great 
Exhibition of 1851. 

There is still a large subject remaining, that of recording instruments gener- 
ally ; one so extensive that in a paper of this kind little more than reference 
to some salient points in the history of the subject is possible. In the first 



146 BLUS — BRIEF HlflTOBICAL AOCOUNT OF THE BABOMKTBB. 

place, we read iu Vol. I. of Cotte's Mhnoires $ur h MeUorologU how, eyen in 
the last century, the importance of providing efficient recording appantoB was 
well understood. Attention then was naturally directed to the only one 
possible method of doing this, namely, by mechanical means. In eonneetioQ 
with the application to barometric record we read of the names of BeaadonXt 
Courgeoles, Camming, and Magellan, among others, as having either eontriTod 
or considered the question of recording instruments. The Beaadonx inaini- 
ment, described by Cotte, consisted of a barometer of siphon form moimted on 
a semicircular beam, the equilibrium of which, on change of atmoepherie pres- 
sure, became disturbed, and so gave motion to a recording pencil. 

The records by these instruments appear to have been continuooSt good in 
this respect, but, excepting perhaps the Beandoux instrument, seemin^y in* 
volving too much friction. Changeux, however, in 1780, introdneed 
mechanism by which the recording pencil, instead of acting continuously, was 
left ordinarily free, and struck by a hammer at definite times. In a pamj^ilet 
dated 1781 he describes two forms of *' barometrographs ** of nearly similar 
character but both including this improvement, evidently considered to be an 
important one. The pencil in these instruments was carried by the float of 
a fixed siphon barometer, and made record on a circular disc revolving oiiee 
in a week ; the barometer was placed below the disc, the marker traversed 
its lower radius, and the linos on the disc indicating height of mercury formed 
concentric circles. An old instrument by Fontana apparently ccmtained a 
similar arrangement for making record. One of Changeux's barometrographs 
was set up at Mannheim, and another at Munich. A suggestion made to 
substitute in the Munich instrument a rectangular plate for the circular disc 
and concentric circles was not carried out.' Changeux's plan of leaving the 
registering point free and striking or pressing it down at definite times is 
one that in more recent years has been frequently suggested and applied, not 
only for simple barographs, such as those of Kreil, Bryson, Lament, Hardy and 
others, but also in several of the more elaborate meteorographs. Changeux 
himself had ideas of arranging some form of universal meteorograph. 

The first contrivers of recording barometers in aiming at the production of 
a continuous record were so far right that they kept an excellent principle 
in view, one perhaps hardly sufficiently considered in the construction of 
modern recording instruments, so many of which, otherwise admirably arranged, 
give only an intermittent record, as once every ten or twenty minutes, 
in some cases less frequently. But since, in the old constructions, friction of 
the registering point interfered so much with its freedom of action, Cbangeux 
did wisely to give up the continuous record in order to secure one more accurate 
at definite intervals of time. The discovery however of photography, and 
the applications of electricity, opened out frirther opportunities and poaai- 
biiities. The first person to propose that photography might be applied to 
record among other things the variations of the barometer was, bo fiur as is 
known, T. B. Jordan, who would appear to have proceeded to [make some 

\ Tn^umiiUer : Die Blannlieimer mcteqTolo^itch9 QeseUKhaft^ 
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practical experiment, and whose paper on the snhject is contained in the 
Sixth Annnal Beport of the Royal Cornwall Polytechnic Society, that for 1838. 
Afterwards Brooke and Bonalds, working independently, carried this matter 
to a more practical issue, their papers on the snhject of photographic regis- 
tration i^pearing together in the same volume of the Philosophical Transac- 
tions, that for 1847. The system of Brooke in use at the Boyal Ohscrvatory, 
Greenwich, and that founded on the system of Ronalds, in use at Kew and 
other observatories, are both found to work well, with the special advantage of 
giving a truly continuous record. 

There is further the adaptation of electricity. Wheatstone, in the British 
Association Report for 1842, seems to have first suggested such an application, 
proposing that a platinum wire, governed by a clock, should at intervals make 
contact with the mercury in the tube of a barometer or other instrument, so 
creating an dectric current which should both determine the record and the 
▼alue of the element. In the volume of Du MoncePs work before quoted, a 
drawing is given of an apparatus by Wheatstone, said to have been made for 
the Kew Observatory, in which he applies this principle to the registration of 
the barometer and the dry and wet bulb thermometers. It has been since 
employed in the barographs included in the combined meteorographs of 
Salleron, Theorell, and Van Rysselberghe, the records being all intermittent. 

So flEur photography and galvanism. We turn now again to barographs 
essentially mechanical in action, those in which the balance barometer is 
employed. It seems a littie surprising that the first contrivers of barographs 
did not employ to a greater extent the balance principle, which, said to 
have been used by Morland two centuries ago, was afterwards illustrated 
experimentally by Desaguliers in his Experimental Philosophy, and, some- 
what later, appears to have been also employed by Magellan.. At length, 
however, it was revived in a practical shape, in the year 1858, by Mr. 
Alfred King, of Liverpool, who, at the instigation of the late Mr. Hartnup, of 
the liverpool Observatory, made a trial barometer on this principle, the per- 
formance of which proved so satisfactory that it led to the construction, in a 
following year, of the more elaborate barograph of the Liverpool Observatory. 
The principle was afterwards independentiy revived by Secchi in 1857, and 
has since come much into favour, having been employed in numerous baro- 
graphs of later date; In some forms the cistern is fixed, and the tube carried 
by the beam which actuates the recording point ; in others the tube is fixed, 
and the cistern attached to the beam. Of the former kind the barographs of 
King, Secchi, Wild, and Schreiber are examples, and of the latter kind those 
of Crova and Cecci. The barographs of Russell and Draper have moveable 
cisterns, but otherwise deviate from the ordinary balance form. In the instru- 
ments of King, Secchi, Cecci and Draper the records are continuous ; in those 
of Wild, Russell, Crova and Schreiber they are intermittent. In some of 
these instruments tiie mechanical appHances for obtaining delicacy of action 
are much to be admired. Those of Secchi and Schreiber arc portions of 
combined meteorographs. 

There is yet another distinct type of barograph of which there are several 
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varieties, bat all of which are continuously recording instruments. A small 
differential action originating cither from a clock or from electric currents, 
in both cases controlled by the movement of the float in the lowor branch of 
a siphon barometer, or, as in the Rung instrument, by disturbance of the 
equilibrium produced by the action of a similar barometer mounted on a 
counterpoised beam, is either in constant operation, or operates only when 
the height of the barometric column itself changes. By this means moticm 
is communicated to a screw, or to a line passing over a puUey, in either ease 
carrying a recording pencil. The original form of instrument is that of 
Begnard, of which detailed explanation is given in the attached list, and to 
which the instruments by Montigny, Hough, Bedier (two forms), Gibbon and 
Rung are allied. When there is no change of atmospheric pressnre going 
on, the recording pencil, in one variety of instrument, is in conthmal Teiy 
slight oscillation: when the pressure changes the small oscillaiioiis in one 
direction preponderate, canying forward the pencil: the Begnard and the 
two Bedier instruments are of this character. In the Montigny, Hon^, 
Gibbon and Rung instruments there is no action untfl the pressure changes, 
and the motion of the pencil is then by very small steps. The Begnard, 
Montigny, Hough and Gibbon instruments necessitate the use of a galvanic 
battery. The Hough instrument has in addition a type printing arrangement 
by which the record hourly or otherwise may be printed. The Gibbon in* 
strument, excepting that there is no printing arrangement, appears to be 
almost precisely similar to that of Hough. 

In terminating this necessarily brief review, I may remark that some in* 
completeness may result from the circumstance that I have been able to 
consult only such authorities as time and opportunity would allow. I havey 
however, endeavoured to make what has been given accurate, as far as it 
goes. A list is appended indicating where descriptions may be found of all 
forms of barometers and barometrical contrivances that have been met with 
in the preparation of this account. 



Chronological List of known Forms of Barometers and of Irvamtions and 
Contrivances connected therewith. 

In the following list a chronological arrangement has been attempted Father 
than an alphabetical one, for even if not always strictly accurate, such arrange* 
ment better enables a reader to grasp the historical relations of things* 

For descriptions taken from any general work or catalogue, the date 
of such publication is, in default of better information, usually given, so 
that in such cases a later date than the true one may have occasionally been 
assigned. The list contains only such references as concern the instm- 
ment in its meteorological aspect, and docs not enter in^o the question of its 
application to laboratory or other work: — 

1648, Torrioelli.— Date of the Torricellian Experiment. 

In making thid experiment Torricelli not only solved thereby the imme* 
diate vexed question of the weight of the atmosphere, bat at the saoi^ 
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time unconsciously contrived the best ^onn of that important instrument 
of meteorological and physical research, the barometer. 

Iffi Hooke.— Wheel barometer. Hooke : Preface to his Micrographia, 

A line from a float in the short branch of a siphon mercurial baro- 
meter passing over a pulley carrying index is attached on the other side 
to a counterpoise : the index moving over a circular dial points out the 
barometric variations thereon. 

Sf Hboke. — ^A new contrivance of wheel-barometer much more easy to be 
prepared than that which is described in the Micrographia. Phil. Trans, 
Tol. I. p. 218. 

Gives further account of the wheel barometer. 

(8i Bqrle. — Of a new kind of baroscope, which may be called statical. 
PhU. Trans. Vol. I. p. 281. 

A balance carrying at one end a thin and comparatively light glass 
sphere and at the other a metal counterpoise. 

> (?)i Morland«— Steelyard or balance barometer. Bees : Cycloptj^iat 
3.der article Barometer. 

A barometer tube suspended from the short arm of a steelvard floats 
in a fixed cistern: the other end of the arm indicates the barometric 
variations. 

Morland is understood to have also contrived the diagonal form of 
barometer in which the upper part of the tube is inclined considerably to 
the vertical for increase of range of motion of the mercury. 

'^ Hnyghens. — ^Eztrait d*ane lettre de Hnyghens tonchant one nonvelle 
ioiidre de baromitre qu*il a invent^e. Mint. Acad. Roy. des Sciences ^ 
»X X. p. 875. 

Describes two forms having for object extension of the scale of varia* 
tion : in one the tube about uie top of the mercurial column is enlarged ^ 
and a supplementary tube added above containing water ; in the othci' 
an upright supplementary tube is added to the short branch of a siphon 
barometer, the portions of the tube about both ends of the mercurial 
colunm being enlarged and a mixture of water and aquafortis placed in 
the supplementary tube. 

» Hooke. — Self-registering instrument. Trans* Roy* Soc* Edinburyht 
I- XV. p. 508. 

Bryson states that " Hooke was the first to propose a self -registered 
series of meteorological observations by an instrument which he quaintly 
called a weather-wiser, but no further notice is taken of this contrivance 
than a short description in one of his tracts bearing the date 5th Dec. 1G78.'' 

» JUndkB^—'A description of an invention whereby the divisions of the 
rometer may be enlarged in any given proportions. PhU. Trans. Vol. 
. p. 241. 

A siphon mercurial barometer with added tube at short branch containing 
two liquids, the portions of the tube about the ends of the mercurial 
column and the upper end of the added tube bcin;; enlarged, the varying 
point of division of the two liquids indicating the variations of atmo- 
spheric pressure. As early as the year 1668 Hooke had bethought himself 
of putting some lighter liquid in a narrow added tube. 
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1688| Anon.— Portable barometer. TraitUz des Barometret, Thermom€tre$ et 
Notiometres, Amsterdam, 1688, p. 82. 

Has cistern of wood completely closed, the pores of the wood being 
said to give sufficient means of communication with the atmoaphere. 
At page 135 of the same work instructions are given in regard to the 

S lacing of words on the barometer indicating weather to be expected with 
iffercnt heights of the mercury. 

I6889 Amontoil8.*Sar on noavean barom^tre. Hitt. Acad. Roy. de$ ScUncet, 
Vol. n. p. 28. 

A series of shortened siphon tubes containing mercury connected each 
to the next by an intermediate tube containing air, the space above the 
mercury in the first siphon tube being a vacuum, and the last siphon tube 
being open to the atmosphere. 

In the English translation of DeBchanePs Natural PhilotophVf Edit, of 
1872, p. 160, a similar construction of instrument is ascribed to l^hrcnheit. 



^ 



1690| De la Hire.~Description d*un nouveau baromdtre pour coxinoitre 
exactement la pesanteor de Tair. Mem. Acad. Ray, des Sdencet, 1706, 
p. 154. 

A similar arrangement to that of Hooke of 1685. Another, almost 
identical, was proposed in the year 1881. 

169S« Amontons.— Description d*an nonvean baromdtre trte simple et portaiif 
k Tusage de la mer. Amontons : Bemarquea et Experiences Phynqnet. 
Paris, 1695, p. 121. 

This is his conical mercurial barometer, a long taper tube of diameter 
increasing slightly downwards and open at the lower end. 

1695« Quare.— Portable weather glass or barometer. Specifications of Patents. 

" May be removed and carried to any place though turned upside down 
without spilling one drop of the quicksilver or letting any air into the tube, 
and that nevertheless the air shall have tlie same liberty to operate upon 
it as on those common ones now in use with respect to the weight of 
the atmosphere." 

1698| Derham.— Portable barometer. Phil. Trans. Vol. XX. p. 2. 

Describes a portable barometer hanng fixed cistern and tube pinched in 
near top to bridle blow of mercury against top ; was supported on a tripod 
stand. 

1698, Derham.— Contrivance to measure the height of the mercnry in the 
barometer by a circle on one of the weather plates. Phil. Trans, Vol. 
XX. p. 45. 

*' A fine finger** pointing out height of mercury is attached to a rack 
which through a pinion gives indication by an index hand moving on a 
fixed circular dial. The inches are read from the scale and the parts of an 
inch from the dial, one revolution of the index corresponding to one inch 
vertical motion of the finger. Apparently the first attempt accurately to 
set and accurately to read a barometer; it would seem that previously' the 
height of the mercury was simply estimated by means of the scale without 
either index or vernier. 

1698| Gray.— About a way of measuring the height of the mercury in the 

barometer more exactly. Phil. Trans. Vol. XX. p. 176. 

Adapts a microscope, carrying a horizontal hair or very fine;wire in focus 
of eye-glass, and sliaing up ana down a separate rod, to read off height of 
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mercury in tube. The fine wire is set to the surface of the mercury and 
the height read off by an index moving on a fixed circular dial. The inches 
and tenths are read from the scale and the smaller parts from the dial, one 
reyolutlon of the index corresponding to one tenth of an inch vertical 
motion of the microscope. A more accurate arrangement than the pre- 
ceding, and in principle the modem cathetomcter. 

1700 (befere)^ Hooke.— Marine barometer. Phil. Trans. Vol. XXII. p. 701. 

Halley here speaks of Hookers marine barometer as consisting of au air 
thermometer and a " sealed " thermometer used in conjunction. In prin- 
ciple the modem sympiesometer. 

1704, OiSwelL— Aeconnt of a new baroscope. PhU. Trans. Vol. XXIV. 
p. 1697. 

The elasticity of air confined in a vessel open below and floating in 
water causes the vessel to rise or fall with varying atmospheric pressure. 
Said to be very sensitive. 

1708« Aaumtona.— Baromdtres sans mercore k Tusage de la mar. Mhi. 
Acad. Bay, des Sciences, 1705, p. 49. 

Special form of air thermometer used in conjunction with an ordinary 
thermometer. A modification of the Hooke marine barometer. 

1705, AnumtOlUL— Words on scale indicating weather. MSm. Acad, Hoy. 
des Sciences, 1705, p. 229. 

Amontons in a paper on barometers here speaks of one mounted in the 
English manner with little copper plates having different states of weather 
marked thereon. 

1710| BernoullL—Le baromitre en ^nerre. De Luc : Recherches sur lea 
modifications deV atmosphere. Vol. I. p. 22. 

A barometer in which the vertical tube having enlarged upper end 
terminates below in a narrow horizontal tube for increase of the scale of 
variation of the mercury. Had been previously proposed by J. Dominic 
Cassini. 

1784| Desifl^nlien.— A new contriyance for taking leyels. PhU. Trans. Vol. 
XXXTTT. p. 165. 

Alludes to a proposal by Gray to neutralize the effect of temperature on 
an air thermometer by placing the principal portion of it in sand, and so 
making it serve as a barometer for measurement of differences of level ; 
then proposes as an improvement to substitute, instead of sand, water of a 
constant temperature. 

1724« Filirenheitb— 'Barometri noyi descriptio. PhU. Trans. Vol. XXXm. 
p. 179. 

Indicates the principle of the thermometrical barometer. 

1733| Bowning.— A description of a barometer wherein the scale of variation 
may be increased at pleasure. PhU. Trans. Vol. XXXVUi. p. 89. 

A straight tube mercurial barometer carrying its cistern and having 
attached float, is buoyed in the fluid, as water, contained in another vessel : 
decrease of pressure causes the barometer to rise in the fluid, an attaclied 
index pointing out the barometric variations on a fixed graduated scale. 
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17S8« Beighton.— The imperfectionB of the common barometers and the im- 
provemcnts made in them. PhU, D-ans, Vol. XL. p. 248. 

Describes Orme^s process of boiling the mercury in the tube ; the most 
early account of thorough boiling. 

1744, Rowning.— Barometer with enlarged scale. Bowning : Natural Philo' 
sophj/y Vol. I. part 2, p. 110. 

An ordinary siphon barometer having added at the short branch a tube 
of smaller diameter turning downwards and containing water. 

1744, Anon,— Portable barometer. Howning : Natural Philosophy ^ Vol. I. 
part 2, p. 118. 

Tube terminates in a leather bag enclosed in a little box, through bottom 
of which passes a screw by which the mercury may be forced to the top 
of the tube for facility of transport. 

1744, Le Clero.— Barom^tre k cadran. Cotte : Trait^ ds Mhhroloffie, p. 148. 

A modification of Ilookc's wheel barometer : for description see the 
" Historical Account." 

1761, Bonrbon.— Barom^tre portatif. Hist. Acad. Roy. det SeiencM, 1751, 
p. 178. 

Said to have been invented by Bourbon, but reported on as being appar- 
ently similar to the English Sisson. Its construction resembles luso that 
of the portable barometer described in 1744 by Rowning. A similar con- 
struction is spoken of also by Desaguliers in his Experimental Philosophy ^ 
Vol. II. 

1765, Brisson.— Barom6tre portatif. Hist. Acad. Boy, des Sciences^ 1766, 
p. 140. 

Has overflow cistern arrangement for ensuring constant cistern level, 
also arrangement for filling the tube and confining the mercury therein for 
transport. 

1766 (about), De Lao.— Barom^tre portatif. De Lac : Recherches 9ur les 
modifications de VatmospJure, Vol. U. p. 5. 

The form of siphon barometer with which De Luc made so many of his 
observations in mountain work : it had two scales, one increasing from an 
intermediate point upwards, the other from the same point downwards, 
the reading of both branches being taken and added together : the 
scales were divided into inches, lines and quarter-lines, but had apparently 
neither index nor vcniier: was provided with a thermometer for the purpose 
of correcting the observed reading for the effect of temperatiure : the 
whole instrument being mounted in a wooden case for carriage. 

1768, Zaiher.— Barometre marin. Cotte : Memoires sur la Meteorologie, 
Vol. L p. 614. 

Consisted of a hollow cylinder void of air, having moveable bases kept 
apart by an internal spring : on increase of atmospheric pressure the bases 
approach ; on decrease tliey separate. Precursor of the aneroid. 

1761, Fitzgerald.^A description of a new barometer. PhU. Trans. Vol. LII. 
p. 146. 

An improved form of wheel barometer having double pulley, one for 
each thread, so that when once adjusted the index could not be misnlaced ; 
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had also two additional counterpoised hands moved bv the index liand for 
record of maximum and minimum pressure. A carefully finished in>tru- 
menty the moving parts turning on friction wheels. 

1761^ De Lne.— Thermometrical barometer. De Luc : Rechercliei %ur les 
modificationi de Vatmotphere^ Vol. IE. p. 288. 

Describes in detail the construction of his apparatus : the bulb of the 
thermometer was immersed in the boiling water. 

1765| Pyeflnfih and IbgaUiaeiia.— Barometer. Speeifimtiom of Patents. 

"An instrument by which is shown the true effect of tlie weight of the 
atmosphere, with the variation which is caused by the heat and cold, and 
likewise the quantity of that variation." 

1786, Onauning.— Clock barometer. Luke Howard : The CUmate of London, 
Vol. L 1818 : Introduclion, p. 18. 

Says, " I have possessed for some^'ears an eight-day astronomical clock, 
having a barometer connected with it, made in 1766, by Alexander Gum- 
ming, and which, on the decease of that excellent mechanic, his family 
allowed me to purchase. This curious instrument records, hy means of a 
pencil supported on the quicksilver, and traversing a revolvmg scale, the 
movements of the barometer throughout the year ; requiring for this pur- 
pose little more attention than the regidar winding up of the clock.** 

1770i Fitq^erilcL— An account of some improvements made in a new wheel 
barometer. PhU. Trans. Vol. LX. p. 74. 

An improved form of the wheel barometer constructed by him in 1761, 
having an additional index and dial, one index making a complete revolu- 
tion for three inches change of pressure, the other for one inch change of 
pressure, the latter acting on two other light counterpoised hands for 
indication of maximum and minimum. Moving parts all turning on friction 
wheels. For other particulars see the " Historical Account.'* 

1776y Ckvaadish.— An account of the meteorological instmments used at tho 
Royal Society's house. PMl. Trans. Vol. LXVI. p. 875. 

Barometer was of cistern kind: area of cistern about 120 times that of the 
tube : mercury not boiled in the tube. Referring to the construction of 
thermometers, suggests that in determining the boiling point the bulb 
should be exposed only to steam. 

1777f BeftildoilX.— Barom^trographe. Cotte : Memoires eur la MStSoroloffie, 
Vol. L p. 567. 

A barometer of siphon form is attached to a semicircular balance beam 
carrying a pencil : change of atmospheric pressure disturbing the equili- 
brium causes the pencil to mark on travelling paper : record continuous. 

1779| Lavoifier.— Overflow cistern arrangement. Cotte : Memaires siir la 
MHSoroloQie, Vol. I. p. 516. 

A barometer has its attached cistern immersed in an outer fixed cistern 
also containing mercury. When a reading is to be taken the barometer, 
by screw action above, is raised out of the fixed cistern, and the mcrcur)* 
flows out at a small hole in the attached cistern to this definite level. 

1780| CfliaBgeiiz.— -M^t^rographie ou Art d'observer d'nne mani^re com- 
mode et ntile les Ph^nomenes de rAtmosphSre. Gontenant la description 
de deux Biurom^trographes ou Baromdtres qui ticnnent note par des 
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traces senBibles de leors variations et des terns prdcis oh elles arrivent ; 
avec rid^ de plnsieors autres Instrumens M^t^rologiques, qaelqaes 
Bemarques snr les tentatives flEdtes en ce genre ct celles que Ton prepare, 
&c. PampJdet bearing date 1781. 

DeBcribes in detail two barographs, generally similar. A float in 
the lower branch of a siphon barometer is made to raise and depress a 
pencil which moves over tiic lower radias of a revolving disc, maUng one 
revolution in a week : the pencil is free, excepting at the moment of being 
struck by clock action to give the record which is thus intevmittenL 
Contains also other information in regard to recording instmments. [A 
construction of a similar kind is due to Fontana. See Loan Coll. Cat. 
Scientific Apparatus, p. 703.] 



1780, The Heteorologioal Sodeiy of the Palatinate.— Barometer. Tran- 

miiller: Die Mannheimer meteoroloifiscJie GeselUehaftf 1780-1795. 

FampMet bearing date 1885, p. 11. 

The barometer of cistern form was read by a sliding vender having 
index for setting projecting in front of the tube : mercury was boiled. 

1781, Oavalla— Description of a thermometrical barometer. PkU. Trans. 
Vol. LXXI. p. 624. 

Describes his arrangement in which the bulb of the thermometer was 
immersed in the boiling water. 

1781| Oanz.— Adjustment of the mercury level in cistern. Cotte: M(motre$ 
8ur In Mrthroloffie, Vol. I. p. 615. 

A siphon tube, havine lower branch of large diameter, rests on a cir- 
cular metal plate attached to the point of a screw by which the whole 
tube can be elevated or depressed. The end of the short branch projects 
into a small fixed bell-shaped vessel from the interior of which is sus- 
pended, hanging into the siphon tube, a bead of glass having a blackened 
point corresponding to the zero of the scale. By means of the screw 
the surface of the mercury is brought to coincide with the blackened 
point. Applied to an adjustable cistern this becomes, in principle, the 
Fortin arrangement. 

1788, Anon.— Barom^tre portatif. Cotte : Memoira sur la MSUarolotjie. 
Vol. I. p. 605. 

Tube closed at top and bottom, with lateral opening near bottom : cis- 
tern fixed to tube, which is pinched in near upper end : sliding vernier. 

1788, Bamsden.— Portable barometer. Cotte : Mhioiret mir la Met^arologie. 
Vol. I. pp. 607 to 610, and Vol. 11. p. 71. 

Describes barometers as constructed by Ramsden, some particulars in 
regard to which are given in the '^ Historical Account.*' 

1788, Blondeao. — Barometre marin. Cotte : Menioires tur la Meteorologie, 
Vol. I. p. 510. 

A special form of siphon barometer constructed of iron, to withstand 

the firing of cannon. 

1790, Austin.— Portable barometer. Tram, Hoy, Irish Acadimtft Vol. IV. 
p. 99. 

Overflow cistern arrangement. To avoid the necessity of applving a 

kcle below, 



■> 



floating gauge the mercury is allowed to run off into a receptacl 
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go insuring a constant level. Mercury is forced back to again ovorfiow 
when a reading is to be taken. 

1781| ITQwire.— Self-registering barometer. Trans, Roy. Irish Aeadetny^ 
Vol. IV. p. 141. 

Barometer tube moving in guides is buoyed, and so floats in a fixed 
cistern : the tube carries tracing point for marking paper moved horizon- 
tally by clock work : record contmuous. 

1791| Himiltoil. — ^A new kind of portable barometer for measuring heights. 
Trans. Ray. Irish Academy, Vol. V. p. 95. 

Cistern entirely closed, having its upper surface about the tube formed 
of cork : luurometer to be held in one hand and set for reading with the 
other : directs how to correct for capacity. 

17969 Keitb.— Description of a barometer which marks the rise and fall of 
the mercury from two different times of observation. Trans. Roy. Sac; 
Edinburgh, Vol. IV. p. 209. 

A wire in connection with the float in the lower branch of a siphon 
barometer pushes up and down two small pieces of oiled silk, sliding 
easily on a fixed wire, for showing minimum and maximum : has enlarged 
upper chamber to make rise and fall of mercury in lower branch a maxi- 
mum. 

Sate (?)f Beballio.— 'Barometer combining siphon and long range barometer. 

An old Dutch instrument in the possession of M. Pillischor of New 
Bond Street, London. 

1801, Luke HowanL— Linseed oil barometer. See bis Climate of London, 
Vd. I. 1818 : Introdaction, p. 14. 

Constructed a siphon barometer, using linseed oil and lead pipe : was 
not found to be satisfactory. 

1808, Maigne.— Barom^tre portatif. Annates de Chimie, Vol. XLVU. p. 
218. 

Somewhat similar to forms already described. 

1806, EngleAdd.— Simple and cheap portable barometer. Nichohon*s 
Journal, Vol. XIV. 1806, p. 1. 

Tube of small bore is fixed into a cylindrical box-wood cistern com- 
pletely closed : unites lightness and ease of observation : weight 1} lb. : 
mercury said to take its level almost immediatelv : no difference of sen- 
sibility perceived as compared with a good Ramsden barometer. 

1807, QouglL-^Description of a correct chamber barometer. Nisholson's 
Journal, Vol. XVm. 1807, p. 81. 

In the lower widened branch of a siphon barometer, an ivory piston, 
moveable by means of a rod passing upwards, is raised or lowered as 
necessary, liefore taking an observation, to bring the surface of the mer- 
ciury to the level of a line cut on external surface of the glass, corres> 
ponding to the zero of the scale. [Newman and others afterwards made 
the operation of setting a barometer act also on a plunger in the cistern 
by connecting the plunger to a rod having rack moved by the pinion used 
|or setting.] 
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1810 (?), Fortin.— Adjosiment of cistern level. 

A Paris artist who is said to have contrived the much approTod sjrttem 
in which by screw action from below the surface of the mercnrr in the 
cistern is brought just to touch a fixed ivory point representing ttie aero 
of the scale. 

1811| L. 0. C.~On the scale of the barometer. NMutlmm^i Jwnnud^ Vol. 
XXIX. 1811, p. 106. 

Scale in strictness oucht not to be full inches, but something less, 
owing to rise and fall of mercury of reservoir : places scales one at top 
and one at bottom, and reads both : suggests that instead of two seaieft 
tlie lower end of a sinja^e scale sliding in a groove might be adjuated 
to the surface of the mercury, when the height of the column could be 
instantly noted. [Making the scale termhiate in an ivory point, this 
becomes the arrangement afterwards so excellently carried oat 1^ Newnaan 
in his standard barometers.] 

1816| Playfair.— Mountain barometer. Phil. Mag. Yd. XLYIL 1816, p. 
810. 

Recommends iron tubes for barometrical observations in mcMmtainoos 
or remote countries, proposing that they should be filled at the place of 
observation. 

1816| Kenn6d7.— Contrivance to render more portable. Quar. Jour, of 
Serines, Vol. I. p. 295. 

Introduces into the tube a small bell-shi^ed bulb of glass attached to 
a spiral spring and fastened to the top of the tube, to prevent eoneaaaion. 



1816, Ofty LnssaC'Description d'nn nouvean barometre portalif. Amnalm 
tie Ohimie, Vol. I. 1816, p. 118. 

This is the well-known Gay Lussac siphon form, in which the lower part 
of the principal tube is contracted, and communication made with the 
external air only by a small hole near end of short branch, its extreme 
end being closed ; both columns of mercury are read. 

1817| LandrianL— A description of two barometers, one of whieh marks the 
maximum of elevation, the other that of depression, daring its absenee of 
the observer. Quar, Jour, of Science, Vol. m. p. 899. 

No details : considers that by his instrument a greater degree of accuracy 
is reached than iiad been previously attained. 

1817, F. J. H. Wollaston.— Description of a thermometrieal barometer for 
measuring altitudes. Phil. Tram.^ 1817, p. 188. 

Describes his improved apparatus, and remarks that in boiling, the bulb 
sliould be exposed to steam only, as being steadier in its heat than water. 

1818, Adia— An improvement on the air barometer, which improved instm* 

ment is to be called a sympiesometer. Specifications ofPatenU. 

Gas confined in a bulb and tube acts against oil or other fluid open to 
atmospheric pressure : has shifting barometric scale reguU^ed uy an 
attached thermometer. A revived form of Hookers marine barometer. 



> 



1823, Hnrray.— Description of a barometer for measuring altitudes. PAf7. 

Mag. Vol. LXI. 1828, p. 61. 

Air confined in a closed cistern acts against mercury in a tube open 
to atmospheric pressure. 
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IBM, Maikle.-— On the constraction of an air barometer. Phil. Mag,, Vol. 
LXn. 1828, p. 214. 

Air confined in a tube terminating in a bulb acts through a closed cintern 
against mercury in another tube open to atmospheric pressure. Proposed 
as an improvement of the Murray arrangement. 

1824yBiUlte]l. — ^Addition of capillary tube. Small pamphlet , containing 
accounts of instruments by Bunten. 




1824, Newman. — On a mountain barometer constructed with an iron cistern. 
Quar. Jour, of Science, Vol. XVI. p. 277. 

Substitutes cistern of iron in place of wood : fixes a thermometer with 
the bulb in cistern to obtain the proper temperature of the mercury : 
draws attention to the inaccuracy of the ordinar}'^ system of marking off 
barometer scales from a presumed standard without regarding the absolute 
height of the mercury or the relative proportions of the diameters of tlie 
tubes and cisterns. 

1825| Blaokadder. — On the construction of meteorological instruments, so as 

exactly to determine their indications during absence, at any given instant, 

or at successiye intervals of time. Traits. Roy. Soc, Edinburgh, Vol. X. 

p. 887. 

Barometer cistern of iron has small orifice governed by an air-tight stop 
cock, communication with atmosphere being cut off by a time-piece at any 
given instant : proposes to arrange a series of barometers to be thus acted 
on hourly, each in succession, during absence of obser^'cr. 

1829, W. H. Wollaaton.— On a differential barometer. Phil. Trans. 1829, 
p. 188. 

For measuring small variations of pressure : for experimental use. 
Particulars will be found in the " Histoncal Account.'* 

1880, Danidll. — On the water barometer erected in the Hall of the Royal 
Society. Phil. Trans. 1882, p. 589. 

Contains a very full account of the construction of the barometer and of 
all operations in connection therewith. For a few particulars see the 
" Historical Account." 

ISSlj BoUnaon.— Description of a mountain barometer the column of which 
is divisible into two portions for safer and more convenient transport. Proc. 
Roy. Soe. Vol. IE. p. 40. 

Of siphon form made to separate into two portions, one portion when 
out of use containing the mercur}\ 

1834, TndlL— On a register barometer for indicating maxima and minima. 
Proc. Roy. Sac. Edinburgh, Vol, I. p. 67. 

Consists of a diagonal and a rectangular barometer : piece of thick iron 
wire is introduced in upper part of former for register of maximum, and 
into horizontal arm of latter for register of minimum. Each index to be 
replaced b^ application of a magnet. 
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1836^ 8t6T6ll7.-*De8cripiion of a self-registerisg barometer. Phil, iiag. 
Vol. Vm. 1886, p. 67. 

Tube fixed : cistern, connected to hydrometer floating in the fluid of 
a fixed vessel, by its rise and fall indicates variations of pressure which 
can be communicated to a recording pencil : scale may be made to bear 
any proportion to that of the ordinary oarometer. 

18S7y Baily. — ^Description of a new barometer recently fitted up in the apart- 
ments of the Royal Society. Phil. Tram. 1887, p. 481. 

Had two tubes, one of flint glass and one of crown glass, dipping into 
the same cistern : scale between the tubes, common to both, earned agate 
point below, for adjustment to the surface of the mercury in the cistern in 
the Newman manner. 

18S7| Wooda.— Large standard barometer. Quar, Jour, Met. 8oe. Vol. 
vn. p. 77. 

A barometer made for the old Meteorological Society of London, '* the 
proportion of the calibre of the tube to that of the cistern being as 1 to 50.** 
A cumbersome and unscientific instrument, considering the dfie of Its con- 
struction. 

1838| Coggan.— Description of a self-registering barometer. Proe. Boy. Soe, 

Vol. IV. p. 72. 

The wheel barometer principle, having float and pulley arranged to 
record at intervals on paper moved by clock work. 

18S8| T. B. Jordan.— On a new mode of registering the indications of meteo* 

rological instruments. Sixth Annual Beport {1838) of the Boyal Comwatt 

Polytechnic Society, p. 184. 

First actual application of photography to the registration of barometric 
and other variations : suggests that by drawing opaque lines on the lMUt>- 
meter tube its scale can be also photographed. 

18S9| Cooper.— Hydro-pnenmatio baroscope. Phil. Trans. 1889, p. 425. 

A vessel open below and floating in water contains a portion of air the 
dilatation and contraction of which, under variation of atmospheric 
pressure, causes the vessel to rise and fall. An instrument was constructed 
and the scale experimentally determined. Similar in principle to that of 
Caswell, 1704. 

18S9| Howlett— Compensating barometer requiring no correetkma eiUhet for 

zero or for temperature. Proc. Roy, Soe, Vol. IV. p. 188. 

A second tube closed at lower end and filled with mercuiy to the height 
of 28 inches is placed by the side of the ordinary tube and supported l^^ a 
float in the cistern : a scale rests on the mercury in its upper end : it is 
assumed that the diflerence of expansion of the two nearly equal lengths 
of mercury may be neglected. An arrangement almost identical with this 
was again proposed in the year 1886. 

1840 (?), DanielL— Platinum guard. Daniell : Meteorological Euays^ 8rd 
Edit. Vol. n. p. 295. 

Describes Ids platinum guard, a ring of platinum fixed to open end of 
tube in cistern to prevent infiltration of air. 
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1840| Newman.— Standard barometer. 

Newman about this time constructed an excellent form of standard 
barometer, having tube of large diameter and fixed cistern : the scale was 
carried by a rod terminating below in an ivory point forming the zero, 
which^bemg adjusted by screw action to the. surface of the mercury , 
adjusted also the scale. 

1841f KreiL — ^Barometrograph. Magnetische und nieteorologische Beobach- 
tunyen zu Pray. 1841-1842. 

Float in short branch of a siphon tube actuates a point which, struck by 
a hammer at intervals, gives indication on paper moved forward by a 
clock. A modification of the old Changeux pnnciple. 

184S| Beadman.— Improvements in the barometer. Specifications of Patents, 

Proposes to weigh cistern and contents by a spring or balance : applies 
photography to the registration of barometric variations. 

1842, Wheatstone.— On a new meteorological instmment. British Associa- 
tion Report, 1842 : Notices and Abstracts, p. 9. 

Suggests that a platinum wire should make contact witli the mercury in 
the tufc of a barometer or other meteorological instmment, so creating an 
electric current which should be utilized to record at intervals the in.stru- 
mental variations. 

1844| Biyaon, — New self-registering barometer. Trans, Roy, Soc. Edinhuryh, 

Vol. XV. p. 608. 

The old Changeux principle in a still better form, a revolving cylinder 
being used for tlie record. An instrument was constructed and for some 
time used. Record intermittent. 

1846, Henneasy. — On the application of photography to registering the ther- 
mometer and barometer. Phil, Mag, Vol. XXVII. 1845, p. 278. 

Proposes that light passing through tube of barometer above the mercury 
shall be received on photographic paper drawn forward by clockwork : 
suggests the use of artificial light at night. 

1846, Lamont. — Beschreibnng der an der Miinchener Stemwarto zu dor 
Beobachtongen verwendeten neuen Instmmente and Apparate, 1851. 

Contains account of recording barometer. The Brj^son principle with 
variation in details. Record intermittent. 

18479 Brooke. — On the automatic registration of magnetometers and other 
meteorological instruments by photography. Phil, Trans, 1847, p. 69. 

This, the second of two papers, contains description of Hrookc's appli- 
cation to barometer, in principle similar, thou^rh difi\;ring somewhat in 
details, from that actually adopted at the Royal Observatory, Greenwich, 
for description of which latter arrangement see account in the Introduction 
to the Magnetical and Meteorological Section of the several volumes of 
Greenwich Observations. The photographic record is governed by action 
from a fioat in the short branch of a siphon tube : record continuous. 

1847^ Bonalda.— On photographic self-registering meteorological and mag- 
netical instruments. Phil, Trans, 1847, p. 111. 

The arrangement for barometric record herein de&cribcd may be regarded 
as that on which fiuidamcntally the ordinary Kew pattern barograph i;^ 
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ba^ed. Sec Report of the Meteorological Committee of tlie Koyal Society, 
18G7. The top of the column of a cistern barometer in photographed, and 
the record is continuous. 

I8489 Vidi.— Aneroid barometer. 

Produced the ordinary form of aneroid barometer in which a corrugated 
metal box exhausted of air i^, by gearing work, made to actuate an index 
hand. 

1850, Htrrie.— Improvements in barometers. SpecificaHom of PatenU. 

A modification of the sympiesometer, employing mercury instead of 
oil. 

1851y Bash.— An account of ascents in the Nassau and Victoria baHoons 
with a description of Bush*s registered dials. Pamphlet, dated 1861. 
Adds to the aneroid an altitude scale. 

I86I9 DoUond.— Atmospheric recorder. BeifoH of Jury on Phil* ItuU, 
1851, p. 654. 

Includes barometer of siphon form : again a modification of the 
Changeux principle : record intermittent. 

I86I9 Hall. — Meteorological clock. Report of Jury on Phil. IiutM. 1851, 
p. 658. 

A barometer is kept vibrating by a clock, measuring by the number of 
vibrations made in a certain time the mean pressure of the air. 

1851| BursilL^Compensatory cistern barometer. Report of Jury an PkU. 
lusts, 1851, p. 658. 

A self-acting contrivance for maintaining the mercury in the cibtem 
always at the same level. 

1861| Abraham.— Self-adjusting scale. Report of Jury on PhiL Imts. I85I9 

p. 658. 

The scale, susiicnded from a pulley and counterpoised, has its lower end 
connected to a float in the short branch of a siphoti barometer. 

I85I1 BottrdoU.— Metallic barometer. Report of Jury on PhU. tneU. 1861 1 
p. 659. 

Consists of a thin circular shaped elastic metal tiibe of elliptic sectioUi 
closed at its ends and exhausted of air : on increase of atmospheric pres' 
»urc the ends approach, and on decrease of pressure recede t this motion 
is communicated by gearing work to an index hand traversing a dial plate* 

1851) Ericsson.— Alarm barometer. Report of Jury on PhU. Lists. 1851, p. 
659. 

Chiefly for use on ship board : cistern is attached to a balanced lever : 
wlien mercury sinks to a certain reading a gong is sounded : can be ad- 
justed so that notice may be given wlien any required reading is reached. 

1852, Negretti and Zambra.— Improvements in barometers. Spetifivations 

0/ Puteiils, 

Short mercurial barometer with flexible bulb on which the atmosi.'hcric 
pressure act:^. Also arrangement of small tubes at upper and lower ends 
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of an ordinary siphon tube, parallel thereto and communicating respectively 
therewith, placing in each itmall tube an index to idiow maximum and 
minimum pressure. 

1858| BrowiL-'Improvemcnts in barometers. Specifications of Patents. 

Contrivances for reducing length of tube ; for increasing range of scale ; 
and for compensating sympicsometer form for temperature, thereby dis- 
pensing with the use of a thermometer. 

18ft8| P^Adie. — Kew marine barometer. See British Association Beport^ 
1858 ; and Instructions in tlie Use of Meteorological Instruments^ published 
by the Meteorological Committee. 

Cistern of iron having no adjustment : tube below scale contracted : 
shortened scale to compensate for variation of mercury level in cistern. 
A much used English instrument The *^ gun *' barometer, having its 
tube paeked to check vibration, and used in the Boyal Navy, is a modi- 
fication of this form. 

1858| BanUna— Barometric pendiilnm for the registration of the mean at- 
mospheric pressure during, long periods of time. Phil, May, Vol. VI. 
1868, p. 482. 

Proposes to attach a siphon barometer to a revolving pendulum. Simi- 
lar prmciple to that of Hall previously noticed. 

18M^ WheatBtane.— Enregistreur m^t^rologique. Du Moncel: Expose 
d6% application$ de VelectriciU, 2nd Edit. Vol. EL. p. 870. 

Said to liave been made for the Kew Observatory : includes barometer, 
the indication being governed by electric current depending on contact 
made with the mercury in the short branch of a siphon tube : record inter* 
mittent. 

I8069 Uaia.— Barom^trographe. Du Moncel: Expose des applications de 
VeUetrieitS. 2nd Edit. Vol. II. p. 400. 

The second form of an arrangement for recording bv electric action 
(depending on contact made with the mercury in the short branch of a 
siphon tUTO) the maximum and minimum values of diurnal barometric 
pressure, with the times of their occurrence. 

I8S69 Du Moiieel and Haason.— Barom^tre ^lectrique. Du Moucel : Expose 
des applications de VeUctricitS. 2nd Edit. Vol. IE. p. 405. 

Application of an electric current to (1) adjustment of the mercury 
level m the cistern, and (2) to complete measurement of the height of the 
column, leavinsr only the mere scale reading to be taken by eye examina- 
tion. A slighUy modified form of (2) has been constructed both by 
Salleron and Negretti & Zambra (see their respective catalogues). 

1856f Welab. — ^Account of the construction of a standard barometer, and 
description of the apparatus and processes employed in the verification of 
barometers at the Kew Observatory. Phil, Trans. Vol. CXLVI. p. 607. 

Describes in detail the special method employed for filling the tube of 
the great standard, of above one inch internal diameter : also the catheto- 
meter and manner of using it. 
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1857| Davout.— M^moire ear on nouveaa barometre. Comptsi Bendus^ Vol. 
XLIV. p. 668. 

Calls his instrument a repeating barometer : for an abstract of his de* 
scription see the " Historical Account." 

1857| Xilna— Barograph. Negrotii and Zambra : Treatise on Meteorological 
Instruments^ 1864, p. 82. 

A construction somewhat similar to that of Kreil. Substitatine a re- 
volving cylinder for a moving rectangular board, this becomes a form of 
instrument, with intermittent record, since constructed by various maken, 
and known as the improved Milne. 

1857| Thomthwaite.— Improvements in barometers. Specifications of 
Patents. 

Makes barometer tube with flattened bore, employing enamel on one 
side : marks divisions upon flattened tube. 

1857^ Secchi — Descrizione del Meteorografo dell' Osservatorio del CoUegio 
Romano. Estratto del BuUetino Meteorologico, 1866. 

Includes recording barometer, reviving the old Morland form of balance 
barometer: cistern fixed: tube of iron attached to beam: makes two 
separate and continuous records having different values of time scale : by 
the introduction of parallel motion arrangements the recording points are 
constrained to move in straight lines instead of in arcs of circues, ais in 
many of the later contrived forms of barographs. 

1857| Forbes.— Notice respecting Father Secchi's statical barometer, and on 
the origin of the cathotometer. Proc. Boy, Soc, Edinburgh^ Vol. lEL. p. 
480. 

Consists of notes on various points in the history of these instruments. 

1857| Begnard.— Barom^trographe. Da Moncel : Revue des applications 
de VeUctricUS 1867 et 1858, p. 416. 

A fixed barometer of siphon form has two turned up branches, one 
short, as usual, and one longer, extending also downwivras : both are in 
communication, so that the mercury level is the same in each. A fixed 
platinum wire projects into the shorter branch, and a long plunger dips into 
the mercury of the longer branch. In connection with tne fixed platinum 
point is a relay controlling two electric circuits. When the mercury is 
touching the platinum point, the relay current passes by one circuit ; when 
the mercury is not touching the point, it passes by tne other circnit ; in 
the one case causing mechanism to elevate the plunger, and in Uie other 
case to depress it: the plunger is thus in contmualvery slight vertical 
oscillation, depressing or elevating the mercury to restore it to the level 
of the platinum point. On variation of atmospheric pressure the plunger 
becomes more elevated or more depressed on the whole, in order to main* 
tain the mercury at this level, and its motions are communicated to a 
pencil marking on a revolving cylinder : record continuous : by diminishing 
the diameter of the plunger the scale of barometric variation becomes 
increased. [A new principle of action, of which the later contrivances of 
Montigny, Hough, Redier, Gibbon and Rung are all types.] 

1857| Hontigny.— Barom^trographc. Da Moncel : Revue des applications 

de Velectricite 1857 et 1858, p. 420. 

In this arrangement the mercury in the lower branch of a siphon tube 
is maintained at a constant absolute level by vertical shift of the whole 



teLLlS — BHIEF HISTORICAL ACCOUKt OF tllk BAKOMB'TEk. 165 

barometric tube. Two electric circr.lu closed, one by the ri»c, the 
other by the fall of a float, create currents which through mechanism act 
by a vertical screw, the one to depress, and the other to raise, the wliole 
barometer nntil the mercury level is restored, when tlic contact becomcH 
broken and the motion ceases. No action takes place unless the atmo- 
spheric preBSore itself changes. The motion, whicli proceeds by very 
smidl steps, is communicated to a recording pencil. 

1808, Hardy. — ^Baromdtrographe. Du Monccl : Revue des applications de 

Vel$ctrieUi 1857 et 1858, p. 422. 

In principle similar to the improved Milne, having double pulley instead 
of beam with unequal arms : record intermittent. 

1859| Ponsgloye.-'Improyements in barometers. Specifications of Patents. 

Describes a mercurial barometer considered to be neither liable to 
oscillation nor affected by temperature. 

1869, Newton.— Improvements in the construction of barometers. Speciji- 
cations of Patents, 

Atmospheric pressure acts on an elastic box containing liquid causing 
it to rise more or less in an attached closed tube freed of air. 

1859, Bird. — ^Water barometer constracted and erected by Alfred Bird, of 
Birmingham. PhU. Mag. Vol. XXX. 1865, p. 849. 

Waa exhibited to the members of the British Association at their Bir- 
mingham meeting (1865), and said then to have been in perfect action for 
six years. 

1860, Solmltie.— Barograph. Schmid: Lehrbuch der Meteoroloyiey 1860, 
p. 821. 

A modification of the old Changeux principle : record intennittcut. 

1860| LOBeby^—The Maury barometer. Printed eA-planatory sheet, dated 
1869. Bee also Quar. Jour. Met. Soc. Vol. V. p. 191. 

An aneroid barometer constructed by Loseby at the instigation of Capt. 
Maniy, who represented to him the necessity existing for a better form of 
the inatmment, especially for mountain work. The ordinary gearing work 
Is dispensed with, the motion of the vacuum box being multiplied by use 
of a fine micrometer screw which actuates an index hand : tne divisions 
on the dial are contained in a spiral of several coils from the outside 
towards the centre: scale may be in feet, or in inches of barometric pressure. 

1860| Newton.— ImproYements in metallic barometers. Specijications of 

PaUnts. 

Relates to improvements upon the Bourdon barometer: also applies 
thereto a band of paper moved by clockwork for registration of the baro- 
metrical variations. 

1860» Salleron.— Description du mdteorograpbe du Dep6t de la Mariiie. 
Pamphlet by Caspari, bearing date 1864. 

Includes barometer : record is determined by electric contact made with 
mercury in short branch of siphon tube, and is intermittent. 

1860, Tate.— New forms of thermo-baromoters. Phil. May. Vol. XIX. 1860, 
p. 1. 

Describe?* two improved but oajjily constructed and inexpensive forms^, 
founded on the principle of the ordinary i^ympiesometer. 

KJBW BBUS8.— VOL. ZU. U 
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1861| Howson. — Long range barometer. Specifivation$ of Paiatts, See v^ 
Proc, nritish Met. Soc. Vol. I. p. 81. 

Tube fixed: lii^lit Htalk from cistcni riges axially up tube to a heigb* *^, 
alwut 28 ineheH above fixed level of mercury in cistern : tsstallc, cisten* *^ 
morcury tlicrcin are lield in suspension by the prcHsurc of the atmosp^^V^ i 
with the variations of which the cistern will rise or fall : a pencil att*c '^^ 
to cistern may be made to record on travelling paper. 

1861| HacneilL — ^Long range barometer. Specijieattoni of PatenU. 

The last described construction reversecL Tube is freely suspend^**- "\ 
the mcrcurv of a fixed cistern by means of one or more attached floats ^^^ 
rif*os or fafts according to the lesser or greater pressure of the atmosph^^'*^* 
a pencil rising and falling witli the tube can mark on moving paper. 

1861, Browning.— Improvements in barometers. Speeifieati^mt of Patet^ ^-^' 

Relates to indication of extremes since last setting by two hands yielc^ ^--!S 
without appreciable resistance to the index hand. [A principle can*^^ 
out by Fitxgerald in 17C1 and 1770.] 

1861, Pitkin. — Improvements in aneroid barometers. Sifecijieatiom of Pate^^' ^'*' 

Jewels the axes of the working parts. 

1862) Hioks.— Improvements in mcrcarial barometers. Specijicatiotu ^* 

J\tti'nts» 

Makes the upper part of the tulxj of spiral form to obtain extcndcflsc 

1832, Blackwell.— Improvements in barometers. S]^cificationM of Paten 

Kinploys four or more aneroid chambers in combination ; in anoC- 
instruinent api)lies a micrometer arrangement for reading off ob^r>'ati 
witli increased accuracy. 

1862, King.— Barograph. See Beiwrt of the Astroiwmer to the Marine Ct 
mitice : Liverpool : December, 1865. 

Cistern fixed : floating and guided tube of iron hangs from pulley^ 
the other side of which is suspended a frame carrying a pencil wl* 
records continually on a revolving vertical cylinder. A trial luilanco be 
meter was ma<le as earlv as the year 1853, the' action of which was conside 
to be so satisfactory that the more elaborate recording instrument 
afterwards constructed, of which a very complete account is given in 
above mentioned Report. 

1862, Wild. — Die aelbstrogistrircnden mctcorologischen Instmmente 
Sternwarto in Bern. Carl : Hep, fur K.rp, Phyiik, Vol. II. p. 161. 

Contains notice of Wild's first form of balance barometer : cistern l^u 
tube attached to beam: record intermittent. 

1833, Mi tchel.— Hermetic barometer. Specifications of Patents, 

A flc^xible or elastic elianiber containing liquid communicates by a ti 
with a riirid bulb ench)sin^ air, the atmospheric pressure acts n]»nn 
lifjuid througli the medium of the flexible cliamber. 

1863, Jeannon.— Barometre a air libre. Les Monties^ Vol. I. p. 581. 

Special construction intended to indicate variations both of pressure i 
of temperature. 

1863, Armellini.— Nouveau barometre. Les Mondes, Vol. III. p. 99. 
A peculiar form of floating barometer. 
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1864, Hiekli— Improved nielrcurial barometer. Proc. Roy. Soc. Vol. XIII. 
p. 169. 

Has straight tube open at bottom without cistern, tlie bore of the upper 
portion of the tube being smaller than that of the lower, giving extended 
scale. 

1864|Hii]iti]igdoit— Improvement in the scales of aneroid and mercurial 
barometers. Speci/teations of Patents. 

Application of altitude scale [already done by others]. 

1865, Qqhl— An improved instrument for indicating atmospheric changefS» 
SpseificaUom of PatefUs. Known as the Aelloscope and described at length 
in a pamphlet bearing date 1866. 

An arrangement consisting of a fixed mercurial tube and cistern, tliere 
being suspended in the tube a float having attached thereto several large 
external chambers containing air or gas. A complicated instrument. 

1865, Gooka — ^Improvements in aneroid barometers. SpecifUatiom of Patents. 

Substitutes for the fine chain connecting the system of levers with the 
index hand a very thin tape-like band or fine wire of gold, platinum, or 
other ductile metal, by which a smoother motion is obtained. 

1866| Hoagh.— Automatic Registering and Printing Barometer. Annals of 
the Dudley Ohurvatnry, Vol. 11. 

A disc, in communication with the float in the lower branch of a fixed 
siphon tube, completes an electric circuit above or below it according as 
the float is rising or falling, which through mechanism raises or depresses a 
vertical screw connected with a pencil by which a continuous record i.s 
obtained. The motion proceeds by very small steps. Type become id so 
arranged bv which in adaition a record, hourly or otherwise, may be printed. 
[Very similar to the arrangement of Montigny as regards the registering 
portion of the apparatus.] 

I8669 Nradet— Das holosterische Barometer. Carl : Bep* fur Exp. Physik. 
VoL m. p. 64. 

Applies a thin laminated spring in place of the spiral spring of Vidi. 

1866| Banret— Description d*an nouveatt barom^tre differential. Les Mondes^ 
Vol. XU. p. 446. 

l867| Armellini— Dne nnovi barometri arcometrici. Estratto del Bulletino 
nautieo e geogrtifico di Boma^ Vol. IV. 

A barometer tube having light attached metal sphere floats in a vessel 
containine glycerine : the lower portion of the vessel contains mercury 
forming ciBtem to the tube : rise and fall of tube indicate variations of 
pressure on an extended scale. [Reversing the positions of the tube and 
cistern the arrangement becomes that of Stevelly, 1836.] 

1867, Breguet— Barograph. Carl : Rep. fur Exp. Physik. Vol. III. p. 880. 

An aneroid barometer, employing four chambers in conjunction, is made 
by proper gearing to record on a revolving cylinder turned by clockwork : 
record continuous. Similar constructions have been arranged by Richard 
and others. 
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1867y Radau. — Mittheilimgen Uber die aaf der Pariser Aasstellimg befind- 
lichcn physikalischen, mathematischen nnd astronomischen Insiniineiiie 
und Apparat«. Carl : Bep./ur Exp. Phynk. Vol. m. p. 281. 

Contains much information relating to the history of reconling baro- 
meters. 

1869| TheoreUL— Description d'nn m^t^rographe imprimeur. Traru. of Boy. 
Acad, of Scieftcesy Sweden, 1871 • 

IncludeH a barometer of siphon form : at inter\'al8, by clock action, a 
Mteel iK)int descends into short branch, and type become arraneed in a 
definite ])OHition, regulated by electric action by the contact made between 
the i>oint and the mercury ; then the printing is effected. A band of paper 
sufficient to contiun the record for tnree months is u*ed : it rolls off one 
cylinder and as it comes from the machine is rolled on to another. There 
is no record other than the printed one. 

1870 (?), Kaoneill.— Boylean-Mariotto barometer. Casella: Cakilogue of 
Meteorological Inatrumenit. 

A compact and portable compression instrument, a definite degree of 
compression of air being measured by a column of mercury open to 
atmospheric pressure. 

1870, Calantariento.— New portable mercurial barometer. PhU. Mag. 
Vol. XXXDC. 1870, p. 871. 

Confined air acts against mercury in a tube open to atmospheric pressure : 
includes arrangement for compensating for changes of temperatin*e. 

1870y Ooldflehmid. — Ueber ein neues Aneroid-barometer, bestimmt za baro- 
metrischen Hohenmessungen. Carl: Rep, fur Kxp. Phynk. Vol. VI. p. 155. 

Xo gearing work : the actual motion of the vacuum chamber i^ ma^i- 
fied in the motion of the long arm of a lever, which motion is mea^snred by 
means of a micrometer. 

In Weilemann's aneroid, noticed in theQiciir. Jencr. if etSDC. Vol. V. 1879. 
p. li)3, tlic increased motion produced l)y uniting several vacuum chambers 
IS measured by means of a microscope containing a fiducial line and carried 
bv a micrometer screw. 

1870, VolpioellL— Note sur on barom^tre photographique. CompleM Rendus. 

Vol. LXX. p. 884. 

Ih this arrangement a scale of millimetres traced on glass i» photo- 
graphed witli the barometric variations upon the same pa|)er. 

1870« Wild.— -Beachrcibung des Normal-Barometers and Manometers des 
phyHikaliscben Central- Observatoriums. Rep. fur Meteorologief Vol. m. 

p. 28. 

Normal barometer witli cathetometer arrangement. 

1870i Wild.— -Beschreibong nnsers selbstregistrirenden Wagbarometers mit 
Temperatur-compensation. Rep. fur Meteorologies Vol. m. p« 181. 

Wild's second and improved form of balance barometer : cistern fixed : 
tube attached to beam : record intermittent. 



1871, Green. — U. S. Signal service barometer. Nature^ Vol. IV. p. 412. 

The barometer used bv the Signal OflSce observers is said to be by Green, 
liaving cistern furnished with a small glass index to which the mercury is 
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adjusted by a Bcrew working through bottom of instrument against the 
fleiible bottom of cistern. 

1871, Hellflr.— Barometer without mercury. Phil. Mag. Vol. XLI. 1871, 
p. 401. 

A scale beam haying at tlie ends two bodies nearly equal in weiglit l)ut 
greatly differing in volume : fixes a mirror to the beam and observes 
its variations by means of a telescope and fixed vertical scale. [In prin- 
ciple the instrument is similar to the baroscope of Boyle.] 

1871f WhitehoilM.— DiflSarential microbarograph for recording minute varia- 
tioDB of atmospheric pressure. Froc. Roy. 8oc. Vol. XIX. p. 491. 

An instrument for measuring on a magnified scale small variations of 
atmospheric pressure. For some further particulars see the *' Historical 
Account.*' 

ISTSyBoflselL — Self-registering electrical barograph. Quar. Jour. Met. 
Sac. Vol. I. p. 122. 

Tube fixed : cistern floats in mercury : a reciprocating motion given by 
clockwork to a frame causes it to meet an arm, carried by and projecting 
from the cistern, at a different point according to the position of the 
cistern, thereby creating an electric cmTcnt which compels a pen to rule 
ordinates so close together on paper on a revolving cylinder tliat they 
produce the appearance of a continuous curve. 

1872, Stevenson.— Improved dial barometer. Journal of the Scottish Met. 
Sac. Vol. m. p. 289. 

Proposes to employ two siphon barometers : the threads from the 
two floats to pass m opposite directions over two concentric rings or 
pulleys, the outer one being graduated, the inner one carrying an index : 
the length of the scale is thus doubled, independently of consideration of 
the diameters of the pulleys. 

I87S9 Field.— Improved form of aneroid for determining heights, with a 
means of adjusting the altitude scale for various temperatures. Quar. 
Jour. Met. Soc. YoL 11. p. 10. 

By shift of the altitude scale the instrument is accommodated to different 
air temperatures. 

1873, George.— Mercurial barometer for the use of travellers, filled by the 
spiral cord method. Quar. Jour. Met. Soc. Vol. II. p. 29. 

To be filled when required to be used : is graduated on glass tube and 
difference of mercury levels observed. 

1878| Hendeleeft— Differential barometer. Was exhibited at the London 
International Exhibition of 1878. 

Appears to have been intended for philosophical work rather than 
meteorological. 

1878, Van Bysselberglie.— Universal system of Meteorography. Quar. 
Jour. Met. Soc. Vol. 11. p. 867. 

Includes barometer : a dipping rod descends at intervals into the lower 
branch of a siphon tube and, on contact with the mercury, creates an 
electric current which causes n borip to draw a line whose lengUi depends 
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on the height of the mercury : lines so drawn represent ordiiiRtes of th 
barometric curve : the c^'linder is covered with a thin plate of eofipc 
coated with etching-vamish, and when the plate has received the inscrl] 
tions of tlie burin, it is taken o£f and plunged into aqnafortiay and thi 

becomes an engraved plate. 

187S| Wild.— Nenes Heber-barometer. Rsp.fiir Metsarologief Vol. UL 
See also Carl : Rep. fur Exp. Physik. Vol. XI. p. 389. 

Describes a form of siphon barometer used at meteorological station 
in Russia. Earlier forms of Russian station barometers are described i 
Wild*s Instruciionfur meiearologUehe Statiomn^ 1869. 

187S| J, B. Jordan.— On the constmction of a glycerine barometer. Ptoe 
Hoy. Soc. Vol. XXX. p. 105. 

Experimented with various fluids, and finally selected gWeerine as thi 
best tor an extended scale barometer : has madle sevend smm instruments 

1874, Banmhauer.— Snr un m^ttorographe nniversel deatin^ anx dbaenra- 
toires solitaires. Extrait des Archives ySerlandauei^ Vol. IX. 

Includes barometer in telegraphic communication with the lecordin^ 
station, and whose indication at that station ii determined by electri 

contact : record intermittent. 






1874, Crova.— Description d'nn barom^tre-balance enregistrenr. M^mai 
lie VAcadl'inie des Sciences de MontjMier, Vol. IX. 

Tube fixed: cistern attached to counterpoised beam: record inter-' 
mittent. 

1874| Kohlransoh.— Ein Variations-barometer. Pogffendorff AnndUn^ Vol* 

CL. p. 428. 4 

An air exhausted Bourdon ring is made to act on a small suspendec; 
mirror : tlie barometric variations are observed by means of a telescope 
and fixed vertical scale. 

1874, Stevenson.— Proposed portable iron barometer. Journal of the Scot- ^ 
tUfi Met. Soc. Vol. IV. p. 265. 

Has system of stopcocks for rapidly clearing air from vacoiun portion. «-- 

1875, Redier.—New barograph. Quar. Jour. Met. Soc. Vol. II. p. 412. 

An entirely mechanical barograph : a differential clock train causes 
siphon barometer, bv action from its float, to be kept in continaal voru^' 
slight vertical oscillation: when the atmospheric pressure ia changin^^ 
the motion in one direction preponderates, and actuates a pencil : recorc^ 
continuous. 

1875, Power. — Proposed modification of the mechanism at present in ns* 
for reading barometers. Quar. Jour. Met. Soc. Vol. II. p. 487. 

Fixes the vernier against a divided circle carried by the milled hei 
used in setting the instrument, giving an enlarged scale. 

1876, Tonnelot— Form of French station barometer. Loan Coll. Cat. 
Scientific Apparatus, p. 676. 

Has cistern of large diameter to diminish capacity error« 
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18709 CHonkhoiC— 'Bogsuin cistern barometer. Loan Coll. Cat. of Scientijic 

Apparatui, p. 679. 

The merciuy u forced at each observation into an open space, and the 
lower end of the scale adjusted tliereto. 

1876^ Hiflkl.— Patent flexible mountain barometer. Tjoan Coll, Cat. of 
Seientifie Apparatus^ p. 680. 

Atmospheric pressure acts upon a flat bulb of flexible glass containing 
mercury : is exhausted of air and hermetically sealed. 

1878, Xnuger.— Compensated barometer. Loan. Coll. Cat. of Sdentinc 
Apparatuif p. 681. 

The upper part of the tube is enlarged and air introduced, ^vith the 
object of compensating for the efiect of temperature. 

187^ Hvller. — Self-registering and signalling vessel barometer. Loan Coll. 

Cat. of Seientifie Apparatus, p. 704. 

Said to be new both as a whole and in its details : has uninterrupted 
automatic adjustment which by electric action makes all changes in the 
atmospheric pressure, even the smallest oscillations, audible : is also a 
recording instrument 

1876| Oreiner and Oeiasler.— Barograph. Loan Coll. Cat. of Scientific Ap- 
paraiuif p. 712. 

Balance barometer : said to be used at all the normal observing stations 
on the Grerman coast. 

1876| Aberoromby.— An improvement in aneroid barometers. Quar. Jour. 
Met. Soc. Vol. m. p. 87. 

Jewels the ends of the fxhor of the index hand, and makes the hand 
work underneath the cap. 

1876| netinf.— On a new form of meteorograph. Pamphlet dated 1876. 

Includes barometer of siphon form, float in which is connected with 
one end of a balance beam, the other end of which governs a marking 
point : record intermittent. 

1876, Ollaad.— Le tfl^mitterographe. Extrait dee Archivee Neerlandaises. 

Vol. XIV. 

Arranged to register at a distance. Includes barometer of balance 
form: tube fixed: cistern attached to beam: indication at recording 
station (in telegraphic communication with instrument station) is deter- 
mined by electric contact which a moving arm makes with an arm in con- 
nection with the balance beam, earlier or later according to its position 
as depending on the varying position of the cistern : record intermittent. 

1877, Stanley.— Barometrical clock for registering mean atmospheric pres- 
sure. Quar. Jour. Met. Soc. Vol. lH. p. 852. 

A barometer forms the pendulum, the number of oscillations of which 
is read off from dials. Similar in principle to Hall 1851 , and Rankine 1853. 

1877, Power.— Improved form of mercurial barometer. Quar. Jour. Met. 
Soe. Vol. m. p. 485. 

Uses a double column of mercury and an overflow cistern arrangement 
with his mechanism for reading off proposed in 1875. 
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1877, Bogen.— Standard siphon barometer. Quar. Jour, Met. 8ae. 
IV. p. 70. 

A travelling barometer easily put together : filled when required 
use : at short branch has adaptation of a cap through which passes a ^ 
screw, carrying at its lower end a point for adjustment to tne surfaces 
the mercury, and at its upper end a graduated disc which may be ^ 
ployed for differential readingH. 

1877, Outhrie. — A sensitive mercnry barometer. PfUl, Mag. Vol. U 
1877, p. 189. 

A horizontal spiral of smnll internal diameter and containing air bubV 
forms the connexion between the two branches of a siphon barometer 
larger diameter, thus giving by the motion of the bubble an en 
scale. 

1878, Spmng.— Eine neue Form des Wagebarographen. Carl : Bep.fi'tr E; 
Phijsik. Vol. XIV. p. 46. 

1878, Schreiber.— Der Barothermograpb. Carl : Rep, fur Exp, Physit 

XIV. p. 471. 

The barometer is of the balance form : cistern fixed : tube attached 
beam : record intermittent. 

1878, Arzberger nnd Starke.— -Das Stand-Aneroidbarometer. Carl : R^ 
fur Exp. Physik. Vol. XIV. p. 730. 

1879, Rontgen. — Ucber ein Aneroidbarometer mit Spiegelablesung. Car* 
Bep. fur Exp. Pln/sih, Vol. XV. p. 44. 

In botli of tliese forms of aneroids two or more vacuum chambers slW 
employed, and endeavour made furtliei^ to increase the accuracy of tl 
micromotrical method of measurement. 

1879, Bogen. — Standard cistern siphon barometer. Quar, Jour, Met, Socz 
Vol. V. p. 187. 

An improved form of liis travelling barometer: employs an electril 
current and small l)ell to ensure greater accuracy in the adjustment of th 
point to the surface of the mercury in the open leg of the siphon. 

1879, Cecci.— -Meteorological Registers at Montsouris. Nature, Vol. XXI 
p. 320. 

The recording barometer is the balance barometer of Cecci : tube o 
iron is fixed : cistern of steel is attached to one end of counterpoisec 
beam : record continuous. 

1880, Draper. — Self-recording barometer. Report of the New York Centra. 
Park Meteorological Observatory, December 1880. 

Tube fixed : cistern is suspended by lon^ spiral springs and carrier 
pencil for marking paper drawn forward by clock : record continuous. 

1880, Wallis.— Barometer adjunct. Quar. Jour, Met. Soc. Vol. VI. p. 164. 

Consists of a small microscope for attachment to cistern for more easy* 
adjustment of the ivory point. 



BLUB — ^BRIEF HISTORICAL ACCOUNT OF THE BABOMETER. 171 

1888, Jdy.— Electric barometer. Nature, Vol. XXV. p. 559. 

Proposes to ascertain the reading of a distant barometer, telegraphically 
connected with the recording station, by measure of the varying resistance 
of the circuit produced by making the barometric column in its rise and 
fall expose less or more or a fine carbon thread (having high resistance) 
forming part of the circuit. 

188d| Bro Wit—Barometer 8. A paper in Nature, Vol XXYI. p. 282. 
Writes on many points in the history of barometers. 

1884) Christenflen. — Signalling barometer. Speeifieations of Pat^iU. 

An aneroid barometer has an additional adjustable index, which being 
set to any given reading the ordinary index on arriving at that reading 
makes contact with it, creating an electric current which rings a bell. 

1884, Gibbon.— Self-recording barometer. Report of the Chief Signal Officer^ 
U.S.A., 1884. 

Iron float restine on mercury in short branch of a siphon tube is sus- 
pended from the snort arm of a lever to whose lon^ arm is attached a thin 
platinum plate adjusted between two platinum points contact with either 
of which creates an electric current which by mechanical action, in the 
one case raises, and in the other depresses a frame carrjring a pencil, thus 
producing a continuous record. [Almost precisely similar to the Hough 
instrument, excepting that the latter has in addition a type printing 
arrangement.] 

1885« Bong.— Self-recording barometer. Symons : Monthly Meteorological 
Magazine, Vol. XX. p. 119. Was exhibited at the Inventions Exhibition, 
London, 1885. 

A siphon barometer is attached to the short arm of a lever : movement 
of the mercury, disturbing the equilibrium, thereby causes a differential 
clock train to shift a weight in one direction or the other as necessary to 
restore it, at the same time influencing a recording pen, which produces 
H continuous register. 

1886, PrimroBe.— Electric Meteorological Scale Header. Leaflet, dated 1886. 

Designed to record variations of meteorological instruments placed at a 
distance from the recording station. As applied to the barometer a 
dipping rod descends into the mercury in the short branch of a siphon 
tube, and being gradually raised from a definite point indicates, by a 
change in the character of the distant telegraphic record, when the rod 
has arrived at the surface of the mercury. 

1886, Bedier.— Nouveau barom^tre enregistreur k mercure. Desoipiive 

pamphlet dated 1886. 

The later of two forms of his mechanical barograph. Here the baro- 
meter is at rest. A differential clock train keeps a light horizontal arm in 
continuous slight vertical oscillation close to the point of a stalk rising 
from the mercury in the lower branch of a siphon tuoe ; the arm following 
the stalk in all its variations of position, the barometric variations, 
through a pencil, become thus continuously recorded. 
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"Note on thk FsoBimuTY or Wtiiau Si^uuiai." 
G. E. Bsoou, F.B.]lfet.Soc. 

[BMd April au, IBM.] 
Jn a paper read at the Meeting of the British ^■"'infttt^n at AliardeMi. 188S, 
Mr. H. Conrteiiay Fox, F.R.Met.Soc., enunciated laws whieh he eoDuiered 
regulate the sequence of moan temperature and rainfall in the fllimatff of 
London, based on observations extending over the laatseren^ 3rean. Tbme 
laws offered points of considerable interest, as indicating a poBSible method of 
obtoiuiiig a roagh probabihty of the ordinary sequence at the 
characteristics" in any looalit;. 

Before, however, applying Mr. Fox'a kwi to any other loeali^, it ii 
to aaaign nmnerical ralnea to the " weather oharactraistios " nude use (rf io 
his paper, and in the following analysis the undermentioned Taluea ham been 
employed with regard to the climates of Cobham and Chiiwick. 

/ = ± 8° of mean monthly tempenttore, firom April 
to Norember inolusiTO. 
• ± BPt^ mean monthly temperafaire, frmn De- 
cember to Mareh inehisiTe. 
= ± 1°-S of mean monthly tempentnre, from. 
April to November inolnsiTe. 
1 = ± 2°-B of mean monthly tempwatare, bfam 
December to Uaroh inolnsiTe. 
± I of mean monthly rafnfkU, 

±i 

These ralnes have been applied to the data in the Cobkan JoimaU 
Mr. Ghusber's Reduction o/'ths Oliuinek Obtmatiotu for tho twenty- 



Very warm or very oold 



Warm or cold 



Very wet or very dry 
Wet or dry ' . 



ears 1826-50; and the followmg resulte have been obtained :- 
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November 
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Totals 
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rare foUowsrf 

by 5 cold Saptembera. At Cobham j very warm Jufyf were followed by j WMtm 
AngnstB. At Cobbun i very warm Janea were followed by i warm July*. At Cblt. 
wick 4 very warm Jannaryg vere followed by j warm Februaryi. At Ctwbam 4 wim 
aad diy Jnnes were followed by 3 warm Jnm. At Cobham and Cbiawiok j wanm uj 
(by Ao^nsts were fcUoved by 4 wet Beptembeii. 
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In 167 eaMB, 86 agreed and 81 disagreed. In the twenty^eight several 
lumths under examination, an approximation took plaee in six at Cobham, 
lad in one at Ghiswick. 

T i^inkwig broadly at the above results, it appears that the laws indicated by 
Uir. Fox do not apply to the climates of Cobham and Ghiswick: this is 
ifanoat a fimgene eondusion, as the weather characteristics of any locality in 
lie Britidi IaIob eaanot be expected to show signs of invariability, depending 
IS they do on the passage of BUmns whose track and distance are essentially 
rariaUe. 

Still, if meteorokgical authorities would agree to a eertain percentage of 
9xee88 and diminution of temperature and rainfall, as indicating the '*.ehar- 
leteristies " named in the paper under discussion, it might be worth some 
erne's while to undertake an investigation of several long-continued series of 
observaiions, in order to ascertain if even a strong probability exists that tlie 
influence of a preceding period is a definite liMtor in Uie weather characteristics 
in a succeeding one. 



DISCUSSION. 

Mr. Fox said that he would have liked to see Col. Brockets paper, in order to 
understand the wav in which the subject was treated before o£fenng anv criticisms 
upon it. No one felt more than himself the importance of clearly dfefining the 
terms and methods employed. He therefore regretted that the author had based 
his paper upon a repjort in Nature, which merely gave an extremely brief sum- 
mary of his conclusions, without any hint of the manner whereby they had been 
obtained. It was possible that the failures discovered by Col. lirooke were due 
to his results being founded upon ideas as to what was " very cold,** *^ very dry,*' 
^bc, which were mflferent from those entertained by himself. He asked, upon 
what principle the author distinguished results that ^^ agreed" from those that 
" disagreed*' ? He also inquired what proportion, say of his twenty-five Augusts, 
were "very dry" and "very wet** respectively? Mr. Fox then explained the 
method us^ by himself.' It consisted in taking out, say, all the Januarys, arrang- 
ing them in the order of their mean temperature, and then dividing the long series 
SLtending over seventy-one years) as nearly as possible into five equal sections. 
e mid£e section is then called "average** temperature, the division on -either 
side is termed "cold** or "warm,** while the extreme sections are designated 
^very cold** and "very warm.** In a similar way the months and seasons were 
arranged in regard to their rainfall. He had found this simple and uniform 
method capable of extensive application, and it was likely to be of considerable 
utility in enabling us to generalise upon the daily accumulating mass of observa- 
tions. Mr. Fox tnen illustrated upon the blackboard one of his propositions,— < 
that " a very dry August is apt to be followed by a wet September,** in the 
climate of Lonaon, — showing that after fifteen very cold Augusts 

No Septembers were very dry. 

2 „ „ dry. 

1 „ was average. 

5 „ were wet. 

7 „ „ very wet. 

The probability of a very wet rather than a very dry September (deduced from 
15 instances) might therefore be expressed by the number — 7. Each of his pro- 
{^^ftitions was accompanied by a similar numerical reference, and he had been very 
careful to exclude any that were of indefinite or ambiguous character. They were 
aliio utterly free from any bias derived from theory. 

Mr. Stmons suggested that it was essential that some explicit definition of the 
terms "warm period,** "cold period,*^ &c. used by Mr. Fox should be given, 

1 JUforit nf tK4 Britifk Amti^ti^n tot 1879 mi 188$, 
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bccaiiHe so long as the terms employed were vague and ill-defined, diffierences 
must be expected to occur in the results obtained when Mr. Fox*8 deductions were 
applied by different ncoplc to other series of obsen*ations. 

Mr. Whipple saia that it was ven' much to be regretted that snch elaborate 
tlieories as those put forward by Mr. Fox should be founded on ob«eiTationf« 
from one place only. For instance, in the case of rainfall, it was certainly 
desirable that the arguments advanced as to the sequence of "dry" and "wet*"^ 
seasons respectively, if tliey were to be of any value at all, should be baaed oi 
lon^ series of observations from more than one station, as nunf all waa ao extremeb 
variable over even a small district. He had read a paper before the Roya 
Society with respect to the periodicity of rainfall,* and ntA found that only tVi 
scries of observations out of ten which he examined gave the same periodieity. 

Mr. C. Harding said that he had read in Nature the abatract of Mr. FV>x* ^s 
paper to the British Association, and had tested the statement that "the fact of . a 
very dr}' August beirfg followed by a wet September is unique." The following ..mg 
rainfall for London, published by the Meteorological Office, hardly juatifies th ^i^^oe 
printing of such a statement : — 

In. In. 

1871 August 0*86 September 5*13 

1880 „ 0*54 „ 4*47 

1883 „ 0*48 „ 316 

1885 „ 0*93 „ 4-06 

Dr. Tripe thought that in an investigation as to the periodicity of rainfall it 

was desirable to omit rainfall during storms, as even in the case of a series c^^vof 

seventy-one vears the effect of such excessive falls on the average would hardT ly 

be eliminated. There would, however, be considerable difficulty in exdudii^^^g 
excessive falls due to storms, as it would not be easy to settle upon what shonl - Ja 
be treated as storm rainfall. 

Mr. Fox remarked that he had simply used the published results from Greenwic 
in carrying out his investigations, and had not in any way attempted to tamper wii 
the figures, as he considered that would at once have rendered his concluaions 
to objection. The effect of excessive rainfalls would be gradually 
in dealing with a long series of obser\'ations. 

Col. Brooke, in reply, said that cases " agreed^* when a month having t 
" weather characteristic " described by Mr. Fox was followed by one having t 
" characteristic" predicted by him : cases "disagreed" when the " characteristl 
of the following month did not accord with Mr. Fox*s theory. In the " 
five Augusts " at €obham and Chiswick, one in the former and one in the latt^ 
were " very dry " : and four in the first-named place and none in the last-nam 
were " verj' wet." Col. Brooke said that he had brought this paper before t 
Society in order to show that, at present, it appeared to be perfectly impossible 
establisli any law as to periodicity or seaucncc in the weather of any practical a 

The President (Mr. Ellis) remarked that preWous to 1841 there is 
authoritative Greenwich rainfall table. The observations before that time 
not form part of the regular observatory work, and cannot be guaranteed. _ 
collected table of Greenwich results from 1841 to 1879, prepared by Mr. Na-s 
appears in Symons's British Rainfall for 1879.] 






Account of the Cyclone op June 8bd, 1885, in the Arabian Sea. 
Captain Maurice T. Moss (Communicated by Capt. H. Toynb: 

F.R.Met.Soc.). 

[Bead April 2lBt, 1886.] 

In most nautical works on the Arabian Sea we find that the authors eom] 

that tho information is scanty with reference to Cyclones. The followu^'^ 

liotes may therefore possess some value. 

1 Proc, Ro^, Soe, Vol. XJOL p. 70. 
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On Jnne drd, 1885, while in command of the Inchxdva steamship, I had 
the misfortone to encounter a most forious cyclonic storm while on my 
passage to Bombay, being to the east-south-east of Aden at the time. 

Previons to meeting this storm I had followed my usual habit of carefully 
noting the barometer, weather, &c. in my private log, thinking it might be 
of some use. I now submit a copy of the log, dating from June 1st to 18th, 
whieh includes an account of the cyclone, and also of the '* burst*' of the 
South-west Monsoon, which was the most violent I have ever experienced. 

Several fine steamers foundered and were wrecked during the cyclone, 
aHhoag^ it was not of large dimensions, from what I can gather from friends 
who were also in it. 

Captain Griffiths, of the SS. Cairo, mentioned in the log, told me that he 
took the first wind of the storm at South-west, backing Southerly, South- 
easterly, and dying away at East, and he could not have been more than 
thirty or forty miles distant from me, more to the South-eastward, because 
ho was bound round Gape Guardafui. 

On my retom passage home from Bombay I coaled at Perim, where I was 
informed that the storm did not make its appearance until next morning, 
Jane 4th, so that it had taken twenty-one hours to travel about 150 miles. 

The immense wave that struck us during the storm, and which did so much 
damage, was never caused by the action of the wind alone, for neither before 
cicnr after it were the waves anything approaching to it in size. I think it was 
Bmnsed by some volcanic agency, and in this opinion I am corroborated by 
others who report being struck by a similar wave. I may mention that both 
Adem Telegraphic Cables lying on the sea bottom were broken. 

Probably tiiis cyclone came from the Eastward, or say South-east by East, 
md when about Socotra Island curved into the Gulf of Aden, travelling to the 
West-south-west into the Gulf of Tejureh. 

Its diameter could not have been large, but its fury was frightful, I suppose 
[he more so from its being concentrated. 



Ck>PY OF Private IjOG kept on Board the S.S. " Inchulva," of Liverpool. 

Suez towards Bombay. 

June Ist, 1885. 

a.m. Barometer 29-92 ins. ; temperature 94°. Calms, squalls from the 
Eastward and oAerwise light variable winds, with hot sultry weather. 

8 a.m. Barometer 29'90 ins. ; temperature 94°. Weather most oppressive ; 
engineers unable to get sufficient steam on account of the great heat and no 
current of air through the stoke-hole. 

Noon. Barometer 2989 ins. ; temperature 95^ Lat. 16°4 N, long. 4P34' E, 
distance run 198 miles. Weather continued in all respects as above. 

4^ p.m. Centre of Jebcl Tier Island abeam, distant 2 miles. Course South- 
south-east, Easterly (magnetic). 

9.10 p.m. Barometer 29*89 ins. ; temperature 93®. Centre Peak Island 
(Zebayers) ahead, distant 4 miles. Course South-east by South (magnetic). 

June 2nd. 

a.m. Barometer 29*89 ins. ; temperature 92**. Light variable airs and very 
hot sultry weather. Sea smooth. Course South-east by South. 

Sunrise. Barometer 29*J90 ins. ; temi)erature 92°. Sky partially overcast witli 
a very fiery appearance, throwing a glare all over ship. 



17G HOBS — AccoLlrr of tUe cVOLOiiE of June 8rd, l68§, in the AftA^lAk stef. 

6.20 a.m. PaK8cd Abu I^lanfl, Jebel Ziiker. Couri«c South-ca«t | Eaut Sig- 
nalled SS, Ckiiro, of Cardiff, bound i5outh in company. 

Noon. Barometer 29*88 ins. ; temperature 94°. Lat 13^18' N, long. 43^' E. 
Course variable, distance nm 190 mHes. Course Sonth-sonth-east (magnetic). 
Li^ht Westerly wind and partially clouded sky, atmosphere haaT. 

5*40 p.m. Barometer 29*86 ins' ; temperature 94°. Passed rerim Island and 
set course South-east } East (ma^etic). 

Sunset. The sky looked very oad — green, red, yellow, all mixed up together, 
and the atmosphere most oppressive, its effects felt by all on board. 

8.0 p.m. Barometer 29*80 ins. ; temperature 92°. Lightning to North-east by 
East. Very dirty looking weather. Wind West, freshening. 

1 1 p.m. Barometer 29-78 ins. ; temperature 94°. Wind hauling Northerly, in 
which quarter the lightning was incessant, the sky having a red give all over. 
Called all hands, securely furled all sails and awnings. 

June 3rd. 
a.m. Barometer 29*70 ins. ; temperature 95°. All hands securing everything 
movable about the decks. 

12.50 a.m. Altered course to East ^ South. Jx>g 111 miles. 

2 a.m. Barometer 29*70 ins. ; temperature 95°. The lightning, forked and 
chain, was simply blinding, flving about in all directions. Light hot airs from all 
points of the compass, with showers of rain occasionally. 

1 had now made up my mind that all the indications pointed to a storm, but 
thought it would likely be onlv what I had experienced before at the Imrst of the 
South-west Monsoons, and did not feel particularly anxious ; stilL had everything 
prepared, double lashings on boats, hatch bars all on, with additional lashings 
across the hatches from ring-bolt to ring-bolt on either side, extra gaskets on saila 
and awnings, &c. 

It was a mercy we lashed the hatches as above, or nothing in the world would 
have saved the ship from foundering i^terwards when the tarpaulins were blown 
to pieces. 

4 a.m. Barometer 29*70 ins. ; temperature 95°. Noticed a swell making up 
from the Eastward (which alarmed me for tlie first time). Lightning still flying 
about but less incessant. 

6 a.m. Barometer 29*65 ins. ; temperature 95°. Easterly swell getting heavier, 
though without any top, but much more force. 

8 a.m. Barometer 29*60 ins. ; temperature 95°. Swell very heavy and running 
with much force. Sky covered witli hea>y clouds rolling one over tne other from 
the Northward witli a most sullen glare over the whole. 

From appearances, &c. I now made my mind up that we were certainly in for 
a storm ; bolted engine-room, cabin, galley and stokehole skylights secnrelyi 
intending to run a few miles further, anxious to know where the storm was. 

8.30 a.m. Barometer 29*58 ins. ; temperature 95°. A perfect deluge of rain 
fell, light hot airs from all points. Lightning and thunder. 

9 a.m. Barometer 29*40 ins. ; temperature 95°. Wind setting in from North by 
East, and rapidly increasing, raining as above, tremendous "East swell, with a sea 
gcttinc up over it from the North-north-east. Headed ship North and ateamed 
away rull speed. 

9.30 a.m. Barometer 29*30 ins. ; temperature 95°. Wind hading Easterly, 
about North-east by North, with a terrific sauall blowing with rain. ^ Lightning 
flashing and darting here and there through the gloom. Sea seeming to come 
from all quarters, nying over the ship, rendering objects obscure except just at 
hand. 

10 a.m. Barometer 29*00 ins. ; temperature 95°. Wind North-east by North, 
blowing a perfect cyclone, with fearful squalls. Tried to get ship's head to 
North-west, but althougli the helm was hard-a-starboard and engines going full 
speed, she would not stir her head from North, the great swell from the East 
running under a North, North-north-east, and North-east sea keeping her in irons, 
as it were. Kept the engines going with tlie object of getting as far as possible 
from tlic centre of the cyclone. 

10.45 a.m. lUrometer 28*80 ins. ; temperature 95°. Slowed engines and headed 
ship North-east, at wliich point tlie wind now was. 

11a.m. Barometer 28*80 ins. ; temperature 95^. Wind North-east, blowing a 
terrible cyclone; ship lying head North-north-east. Sea not very heavy but 
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Beemingly running anyhow, up in pyramidK, and flying over tlie iiliip in a continued 
tsheet of spray. 

About ll.*20 a.m. the uproar was simply deafening, the wind, lightning, &e. 
appiJling, when from my position forward and to leeward of the chart-room on 
the bri^e I saw a frightfiil sea on port beam, coming at railway speed, an higli 
as oar fore-yard, sending all over the other jumbled-up seas before it, and in an 
instant it struck us, throwing us on starboard beam ends, burying us so completely 
and in such a manner that for some moments it was impossible to tell whether 
the ship was goin^ down or not. I scrambled and fougiit my way through the 
rushing water and steam from the starboard side where the sea had thrown me, 
and alwut now the ship righted herself. 

When I got on the bridge 1 found the storm had lulled just a little, and rain 
and spray eased sufficiently to allow me to see the serious damage done ; ])ort 
boats gone, iron davits bent double and broken, engine room, cabin, galley sky- 
lights smashed, stokehole coverings ^one, and the tarpaulins of Nos. 1 and 2 liolds 
literally torn to shreds. No. 1 smashed in altogether, the sea pouring into holds 
and engine department, and the whole deck looked a wreck. 

Almost immediately again the squalls came down with a force and fury that 1 
have no words to describe. The lightning seemed now overhead. Wind shifting 
to East by North. 

Noon. Barometer 28*50 ins. ; temperature 95^ I got a sight of the aneroid, 
the hand of which was pumping up and down from 28*40 ins. to 28*60 ins. ; lat. 
abont 12^15' N, long. 45^58^ E, vanable courses, distance run 200 miles. 

12.90 p.m. Barometer 28*60 ins. ; temperature 95^ Wind East, no alteration, 
i»hip tumbling about very heavily as if considerable water were in her. Just 
before looking at the barometer last, there appeared an arch of light to the East- 
ward and the worst of the lightning appeared to me to be to the southward of u.<. 

1 p.m. Barometer 28*70 ms. ; temperature 95°. Wind about East by »South, 
the fury of the storm seemingly being spent, the squalls with less force and the 
rain much lighter, but the sea very bad, a jumbled-up sort of a sea, running in all 
directions. 

2 p.m. Barometer 28*90 ins.; temperature 95°. Cyclone moderating fast. 
Wina Bouth-east by East. Engineer reported 4 ft. of water in his department 
throughout. Bilge pipes choked, bilges full of coals, stokehole plates broken up, 
&c. &e. 

4 p.m. Barometer 29*40 ins. ; temperature 95°. Wind South-south-east, or- 
dinary gale, weather clearing up ; sea much better. Sounded holds, 4 feet of 
water in both Nos. 1 and 2. 

6 p.m. Barometer 29*60 ins. ; temperature 95°. Wind South, strong but moder- 
atinc fast. Sea goinc down, weather clearing u]). 

All hands not disabled clearing away the wreck, engines going slow, ship on 
her course. 

8 p.m. Barometer 29*80 ins. ; temperature 95°. Wind light and variable. 
Ughtning to the South-westward. 

JUHE 4th. 

a-m. Barometer 29*80 ins. ; temperature 94°. Light East wind and fine 
weather with a heavy cross swell, running course. Much lightning to the South- 
ward. 

8 a.m. lUrometer 29*85 ins. ; temperature 92°. Engines stopped ; all hands 
below clearing out coals from engine and stokehole bilges ; repairing pump 
connections, &c. 

10 a.m. Spoke an Alfred Holt Line Steamer, and signalled to be reported. 

Noon. Barometer 29-90 ins. ; temperature 94°. Lat. 12°22' N, long. 47°32' E, 
dii«tance run 95 miles. 

4^ p.m. Engines going slow ahead again. 

8.0 p.m. Barometer 29*90 ins. ; temperature 9.3°. AVind East, light with tine 
weather ; cross swell still running, but not so lieavy as during the morning. 

Observed several steamships during the day at 'different points of the horizon 
apparently stopped repairing damages like ourselves. 

June 5th. 

a.m. Barometer 29*90 ins. ; temperature 94°. Light variable winds and fine 
weather. Sea smooth. 

Noon. Barometer 29*90 ius. ; temperature 96°. Calms, weather getting very 
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hot again. Lat. 13^14' N, long. 49^30' E; courhc N 67^ E; dibtance run 134 
mileH. 

8 p.m. Barometer 29*84 ins. ; temperature 94°. Light variable airs and hot 
bultry weather. Swell from the Southward. 

June 6tli. 

a.m. Barometer 29*90 jn». ; temperature 90°. Light Southerly air« and 
cooler weather. Swell from the Southward. 

8 a.m. Barometer 29*88 ins. ; temperature 85°. Lat. 14°19' N, lone. 62^56' E ; 
course Nortli 71° East, distance run 202 miles. Fresh South wind and clear 
weather. 

8 p.m. Barometer 29'84 ins. ; temperature 86*». Wind falling light, sky clear. 

June 7th. 

a.m. Barometer 29*84 ins. ; temperature 86°. Light variable winds and 
calms, with light passing clouds from ^orth -cast and a swell from tlie Southward. 

8 a.m. Barometer 29*86 ins. ; temperature 88°. Light South-westerly airs and 
tine with a little swell from the Southward. 

Noon. Barometer 29*86 ins. ; temperature 90°. Lat 16°21' N, long. 66°20' 
E ; course North 72° East, distance run 206 miles, 
p.m. Light South-west wind and fine weather. 

8 p.m. Barometer 29*82 ins. ; temperature 90°. Calms and hot sultry weather 
again. Swell from South-west. 

June 8th. 

a.m. Barometer 29*82 ins. ; temperature 90°. Light South-west airs. 
Clouds passing from the Nortli-eastward. Swell from South-west. 

8 a.m. South-west wind freshening, set sails. 

Noon. Barometer 29*81 ins. ; temperature 95°. Lat. 15°59' N, lon^. 59°5r E ; 
course Xortli 78° East, distance run 184 miles. Light South-west wind, a little 
haze over a clear sky. 

8 p.m. Barometer 29*80 ins. ; temperature 95°. Wind freshening from South- 
west. Sky clear of clouds but hazy, sea coming up heavy. 

June 9tu. 

a.m. Barometer 29*76 ins. ; temperature 93°. Fresh West-south-west wind 
and cloudy, the clouds going in opposite directions, upper from North-east, lower 
from South-west. Sea getting heavier. 

8 a.m. Barometer 29*70 ins. ; temperature 92°. Fresh West-south-west wind 
and partially clouded sky. Sea heavy from the South-west. 

Noon. Barometer 29-75 ins. ; temperature 91°. Lat. 16°37' N, long. 63°0' E ; , 
course North 78° East, distance run 210 miles. Fresh wind, sky covered more, 
the clouds looking heavier. 

6 p.m. Wind West, strong ; sky entirely clouded, weather looking very wild, 
a heavy cross sea running. 

8 p.m. Barometer 29*61 ins. ; temperature 90°. Licreasing wind from West. 
Lightning to the North-eastward. 

June 10th. 

a.m. Barometer 29*68 ins. ; temperature 90°. Strong West gale, rapidly in- 
creasing with much and most vivid lightning to the North-eastward, and wliich 
seems to be approaching ship, a very heavy cross sea, filling the decks fore and afl 

2 a.m. Barometer 29*54 ms. ; temperature 90°. Lightning incessant to th< 
North-east and East. Wind West, hard gale and very heavy squalls, with much 
rain. Took in all sails. 

4 a.m. Barometer 29*60 ins. ; temperature 90°. Very heavy gale and terrific==^ 
squalls ; turned ship^s head to sea West-south-west and slowed the engines. 

Noon. Barometer 29*50 ins. ; temperature 90». Lat. 16°37' N, long. 64°54' E ^ 
course East, distance nm 110 miles. Ship making very bad weather. 

4 p.m. Barometer 29*50 ins. ; temperature 90°. Got ship before the wind an<9 
tried to run, but the tremendous sea made clean breaches over her. 

6 p.m. Barometer 29*50 ins. ; temperature 90°. Laid ship to again, hea& 
West-south-west. 

8 p.m. Barometer 2950 ins. ; temperature 90°. Furious gale and terrifio 
squalls with downpours of rain. Tremendous sea running, but altliough breaking* 
aboard, sometimes very heavily, doing no material damage. 

June Uth. 

a.iu. Barometer 29*50 ins. ; temperature 90°. Very heavy West gale anJ 
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hard squalls, rain, Ac. as before. Ship head to sea, making vexy good weather. 
Liffhtniiig clearing away. 

6 a.m. Barometer 24^54 ins. ; temperature 90°. Gale a little better, sea run- 
nine truer, got ship away before the wind and set lower topsail. 

Noon. Barometer 29-66 ins. ; temperature 90°. Lat. 16°26' N, long. d&W E ; 
course South 89" East, distance run 92 miles. Rain not so heavy. 

6 p.m. Barometer 29*58 Ins. ; temperature 90°. Another sea coming up from 
the Southward, clashing with the West sea and makins ship very uneasy. 

10 p.m. Barometer 29*60 ins. ; temperature 88°. Gale appears broken, sky 
better. Sea, although troubled and very heavy, much better. 

June 12th. 
a.m. Barometer 29*60 ins. ; temperature 86°. Strong gale backing to the 
South-west. Weather finer, stars out at times. Sea running very heavily, large 
quantities breaking above fore and aft 

Sam. Barometer 29*66 ins. ; temperature 86°. Wind moderating fast 

Noon. Barometer 29*70 ins. ; temperature 86°. Strong South-south-we^t 
wind and fine weather, except a hazy atmosphere. Lat. 17°42' N, long. 69°48' £ ; 
course North 86° East, distance run 208 miles. 

8 p.m. Barometer 29*75 ins. ; temperature 86°. Wind moderate at South- 
sontn-west, with a shower of rain at times. 

June 19th. 

Barometer 29*82 ins. ; temperature 87°. Moderate South-south-west wind and 
fine weather ; heavy South-west swell ; atmosphere hazy. 

Noon. Barometer 29*86 ins. ; temperature 87°. Off Bombay. 

3 p.m. Arrived and moored sliip. 



DISCUSSION. 

Capt Toynbbb said the author had given a very lucid account of the weather 
experienced in a cyclone. The Easterly swell mentioned as occurring while the 
wind was blowing ^m the North, showed that an Easterly gale was blowing to 
the Eastward of the ship, and Capt. Moss acted very wisely in steering to the 
Northward, by which means he increased his distance from the centre of the 
^'clone as it passed to the Southward of him. He (Capt. Tovnbee) a^eed with 
Uapt. Moss in thinking that the heavy Westerly roller which he expenenced was 
not the result of wind, as it was met with in a position where a Westerly wind 
had not been blowing ; and, so far as he could understand the case, no Westerly 
gale was or had been blowine to the Westward of the ship^s position. 

Mr. Lauohton thought that Captain Moss's suggestion of the volcanic origin 
of the tremendous wave or '* roller,** which did so much damage, was probably 
correct If not, he did not see how it was to be accounted for. It came up not 
onbr i^ainst the wind but against the direction of any storm wave or current, 
and did not seem to oe in any way connected with the cyclone ; though its hap- 
pening at that particular time was certainly a very curious coincidence. 

Mr. Soott remarked that this storm haa been verv fully discussed in France. 
A French despatch boat and a German frigate were lost in it. 

CoL Brooke said that he had experienced a cyclone at Hongkong in 1875 ; 
warning dits approach was given by the naval authorities. When the barometer 
eommenced to zall rapidly, tne strength of the wind increased proportionately 
with the faU, while the gusty squalls similarly increased in intensity ana frequency; 
but on the barometer commencing to rise, after a stationary period of inap- 
predaUe extent^ the wind fell almost immeoiately. 

Mr. Soott said that any one examining the automatic traces in the Quarterly 
WwaikfT Rtj^i would frequently find instances where the wind had been blowing 
hard with a falling barometer, Imt immediately the mercury commenced to rise 
the wind ceased. 
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BsBCLTS or Sous RADunoit OBsntrinoxs n the NEtoHsouHrnxm or 
BuiuHGBAjf, 1875-1881, By Bdtkxt T. Smixb, F.B.Uat.8oc., 
M.Itut.C.E. 

[B«^ April 9Ut. 1886.] 
The phTuca of this little known subject hvee been mioasly described as 
governed by the eUstic force of aqoeons vaponr, by the inflnenee both of 
clond and sky freedom from cloud, and by the inflnenee of Tatioiu wind 
directions, either by consequent diynesB ofxtmospherei or by eonse^nant low- 
ness of atmospheric temperature. 

Ho definite resulte as to these theories are to be gathered &tnn a study 
of the following ten years' obserratioos, but so far as these hare been otdlated 
the facts go to show that the approach to the subject of inairfatioD is of 
difficult access, and that the rif^t study of s(dar radiatim must embrMe other 
eonsideratitms than those with which it hu hitherto been oonoected. 

The facts of this paper are baaed upon obnervaticms made at four diScnol 
stations situate within ten miles of Birmingham and upon its west dde. The 
height of the stations raries from 601 to 866 feet above Bea-lvral. Tb 
situations and exposures of the instruments (except for the Ume Karoh 1860 
to November 1882, when they were indifferent), w^e £urly good at the othtf 
three stationH. The thermometers are all made by Hicks and oomparaj it 
Kew, the black-bnlb thermometer in ranio, which was verified before inso'- 
tiott in its jacket, was the same throughoat. The period under obeerratiixi 
includes Jnly 1876 to December 1884, being nine yean for the months 
January to June and ten years for all tho other months. The figores, met^ 
where otherwise stated, represent boUt radiation, i.e. the difference betrM 
tho black bulb thermometer m vacuo and tho ur maximum thermometer. 

Table I. is evidence that the usnal entry of maTimum solar radiitica 
once a day is crude and perftinctory. For instance, on May 28rd and Stib, 
1864, the weather being peculiarly suitable, hoorly ohservatioas were nidg 
with results as follows ; — 
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Mittt — SfiSUliTS OF SOLAR RADIATION OBSERVATIONS, 1875-1884. l8l 

These two days were cloudless from sonriLc Lo sunset, with, however, a slight 
haze, as is osoal in such bright weather, but still much slighter than fine 
weather basse later in the summer. The weather was anticyclonic, and an East 
wind blew with a force 2 on the 2drd, and 8 on the afternoon of the 21th. 
The two days were so similar as to be unusual. We see in the readings of 
ttie first day the maximum of the sun thermometer occurred about 1*45 
p.m., while the maximum of air temperature occurred at 8 p.m., and that 
the difference of readings of these thermometers between these hours of 
maxima, which alone is that usually entered as solar radiation, is less than 
ihe differences of the three readings about noon by 1^ and 2^ respectively. 
rhe difference between the two maxima is 46^*7) while the mean of the sun 
duning all day without a trace of cloud is only 88°. On the 24th, which 
fas a day of 2^ warmer mean air temperature, the difference between the 
;wo maxima (127^ and 76^*4 respectively) is 61^ while the mean of the sixteen 
Kmrly observations is 85^ only. Now the next day (26th), the vapour 
eomon and weather generally being the same, except with an amount of 
sknid at 9 a.m. equal to 4, composed of cirrus drifting from South-west and 
tnmnlas blowing over from the East, the solar radiation at 10 a.m. was equal 
o that of the 28rd at the same hour, and at noon, after only some half hour's 
mi alt<^ether from sunrise, it had reached 56^. This day was, however, 
older than the 28rd by 6°, and there is no doubt that low readings of 
be maximum air thermometer are the cause of such apparent sun heat 
rhere, as a matter of fact, the whole of this particular day, the 25th, 
ras decidedly cool, and no single flush of hot sunshine occurred, the 
laxima of sun and air thermometers being respectively 117^ and 68^-1 
nly <m this day. These three days of May 1884 were all in excess of 
be mean air temperature, the 28rd and 24th being 6^ and 9^ in excess, but 
be weather was beyond question the most tropical in character that has 
eemned at the dates for ten years, and yet the average solar radiation of 
beae two days for ten years is 40^ and 41^, this year showing only, as has 
een seen, 47^ and 61^. The inference here is that in clear sunshine solar 
idiation is largely dependent on maximum air thermometer readings. 

Httfing quoted the readings of these particularly brilliant May days as 
ridMiee of the emdity of the present state of our book observation of solar 
idiation, let us now proceed to the reputed connection of solar radiation with 
iponr tension. For this purpose the following tables (p. 182) are given, 
bieh Curly explain themselves. 

If intensity of solar radiation is caused by a low force of elasticity of 
joeoiui vapour, we may expect to find the march of solar radiation and 
vpcutt tension to be i^chronous, but in an inverse relation. Now we know 
lat the mareh of vapour tension is with air temperature; that is, half the 
Mur to midsommer it increases and half the year to midwinter it decreases. 
be mareh of mean solar radiation is an eccentric one, the ascending portion 
ing one-third of the year exactly, and the descending portion being 
po-tiiirds of the year exactly. This is the first and most obvious fnct. 
bo BMao vapour tension during the ascending third of the year's wave of 
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solar radiation is '21S in., that of the descKiding two-thirds is '806 ilL 
In 0^ years no nngle year and on« mouth only (Uarch 1888) has a lotn- 
mnm of sokr radiation and a minlmom of vapour toosioD, while the nuu 
\tLpom tension ie lower in the months of low radiation and bi^iei in ttt 
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miHiUis of high radiation. Alone of 114 months, October and November 
1876 hsTe minimwm lolar radiation and mnTimnm vapour tension, while, on 
Uw other hand, Angnat and September 187S and Uay 1878 have muTimnm 
nlar radiation and majimnm vaponr tonBion. Hioimom solar radiation and 
gaininunn Taponr tension oeenr in three months. 

Front these figores it woold appear that there is no directly traceable 
toDoeetioQ between aqaeons vapour tension and solar radiation. The effect 
tf aqnsoiu vapour in preventing re-radiation is a different question. 

Nsxt eomea the conneetiou between sohir radiation and cbnd. 

TABLE IV. 
Hun Akoskt or Cloud roa rrai Two Puidh 1875-9 ""> 'SSo-t. 
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7s 




ri 


S'l 


ys 






7"7 


S'5 S7 4-6 6-1 


1'q 






7-5 




79 


4-B 

5-1 
6-0 




7-0 


7-6 
6-8 


5-a 6-1 5-Q 5-9 

5-4 yg' 6-1 4-8 
6-0 7'6 5-2 5-0 

6-1 ! 6-6 S-6 S'g 






»v ::"'.!.*.":: 










jje ::;:.:;::: 


53 




ti 


S-8 
71 


6-1 

6-7 


i^f 














h-H 


8'o, S-l e-gl 6-8 1 4-6 






Beptombet .... 




*■•! 


*-4 


fi-. 




01 


55, 6-1 5-1 1 6'. 1 7-2 


fi-n 


frl 


Ocloba 












61 




6^ 


6-4 


Novembw 






t'-i 


6-1 69 


fti 


S-2\ 7-4, 4'3i 6-S| 7-0 








7-8 7-6 


4*7 


s*8 1 yg 


0-4 


6-7 S'8 .. 6'4 7-0 


6'3 


h'S 


Umo 


r. 6-4 


6'i 


6-3 7-J 


6-6 


6*7 '1 6*3 6*5 6'0 fi'i 


6-3 


65 


Bpriog 




fi.,lr, 


fi'fl 


6-g 




rtj 




68, s-6, 6-4 


6-2 7-3 










Aatumn 






6-2 










7-3 6-9 i *-8 


6-6 , 6-3 




6-6 


7-0 6-9 6'9l 7-5 70 


09 



TkUe IT. BbowB the meeo amount of olond at Birmingham ia less than 
lit oboerred at Greenwieh (^6-82) ; it shows also that there is less cloud 
I spring and autnmn than in summer and winter. May is the month of least 
load. A charaeteristie of May weather, however, is less and leas clond as 
w day pn^resses, and this is peculiar to May of all the months. The 
BODDt ot doud Ibr May at 9 a.m. bemg 6-1, the amouDts at noon and at 
pja. may be taken at $-4 and 4-8 respeotiTety, giving an aven^ of 6*8, 
faiali eorreeticm briugs Hay to the top of the list in the matter of freedom 
om ekmd. Hie averageof olond for the increasing radiation of one-third of 
» year ia 6*8 ; for the decreasing two-thirds it is 6*4, but the number of 
ondy days (see Table V.) is more during the increasing one-third by 8-0 
lya a month, the monthly average during ascent being fifteen and during 
nwcni twelve. The year of least mean cloud (1888) agrees with that of 
oat solar radiation, as also does that of the feaat number of cloudy days ; 
it the year of mazimnm elood, 1679, was a year of hi^ radiation, although 
M to be a year of deficient sunshine. 
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TABLE T. 
XvHBiB or Dm or Fdli. Oloud in m Two t 



1. 187S-lSa 

1875-9 tXD iS 



Month. 


f 


1 


.^ll 


d. 
^ 


i 


1 


i 


1 


i 


f 


1 








" 






^ 




" 








B 


Jannai7 


a? 


"i7 


17 




14 


li^ 


30 


17 19 ! .. 1 17 


1 8-3 


Fobni«ry 






14 




17 


i5-8 


14 


16 » .. 10 


15-0 


March .. 




10 






18 


14-0 




13 i<i , 11 11 


W-t 


April.... 






17 




18 


'+■4 


18 




M.7 .... 






13 






1 1-6 




JDue .... 






S 






8-8 


16 1:3 < S ! 6 ^1 0-4 


July ....1 15 








19 


ij-8 


10 , S 


to « 7 1 IO-6 


Augngt ..II 




"3 




iS 


'38 


'7 ; ') 


September 6 








13 


no 


9 <4 




October. . I J 




13 




15 4 


13 II 


17 , 8 14 1 13-0 


November 10 




8 


13 { 19 


130 


11 1 16 




7 9 1 >l'0 


December 16 




s 


ill '3. 


,»4 


17 1 11 




10 I 10 12-3 


Total ..|i73 




Hi 


tSi 


194 


.6i'4 


'70 "53 




.. 121 140-3 


SprioR .,'46 




A' [^ 


48 


40-0 


40 '34 11 1 30 31 3j-a 


Summer ] 34 








41 M 26 16 19 27-4 


Auwmn .9 


-16 3a 37 53 


3<C4 


36 4' C37) 15 35 34'3 


Winter .. 


45 




A9 


*^_ 


_47_ 


_4412 


50 


_5i: 


-m 


-37_ 


^5l_ 


47'3 



There appears liUle to show that the greatest amoout of clond of 
occurs with any particular nind, but the most cloudy weather marked) 
at six mouths' interval in January-February and agun in Jnly-Aug 
the first of these periods it ocomn with a decided prevalence of South 
the second period the prevalence of West wind is more strongly 
Although July is a month of maximum clond, yet June and July 1 
least Dumber of " overcast " days of all the months of the year. Hf 
September, at an interval of sii months, show a light omonnt of cloud, 
are the months when the incidence of the solar rays is strongest. 

Next comes the relation of solar radiation to wind. 

The winds designated as polar are the North-west, Nortli-noi 
North, North -north -east. North-east, East- north-east and East; tl: 
torial Bouth-east to West, both inolnsive; wmds from West-north-n 
East-south-east and the calm days have been omitted from the di 
(Table VI.). 

Looking generally at the Tables, it is obvious that the curve of me 
radiation, having its two maxima in spring and autumn, can only be ii 
influenced by the cnrve of days of polar wind. Other causes must h 
for to ooconnt for the solar radiation of summer and the gradnal di 
the descending two-thirds of the radiation to its minimum on Jann 
The polar winds of Ma; blow on an average of 6-S days in the fin 
the month, and 6'9 days in the latter half; the first half having 
radiation on Uie average. - The polar winds of December blow on an 
of 6*8 days in the first half of the month and 8-7 in the second ] 
radiation of the first half being less than that of the second half 
1888, the year of maximom solar radiation, is the yeai of n 
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TABLB VL 
■BKB or Din or Peuu Wnto (HW-E) roR the Two Febiodb 1S75 -9 and iSSo-v(. 



Hontfa. 


1 


ill 1 


1 


2 


i 


ill 


1 


I'l 


IS 


Jaonuy 

Fibraarj .... 
March 

ie- ::::-; 

Juna 

July 

Avmt 

October ...';.'! 
November.... 
December .... 


19 

7 
4 
15 

13 
16 

36 
34 

S 


I 

9 

>4 

8 

g 

M 

6 

130 

4» 
35 
3» 
19 


i 

"4 

J 

45 


14 
7 
'7 

'=. 

7 
5 

% 


1 


33 
47 

50 
54 
4S 

SS 
73 
S3 


4 

'3 
'3 
■9 

19 

e 

'3 

9 


10 ' 6 

17 1 10 

7 3 

6 14 


5 

14 

'3 
S 

6 


9 1 7< 
.9 1 83 
'I 73 
•0 55 
4 ' =3 
3 1 41 
9 ; 5' 
11 ' 93 
" i 5S 
" , 45 


1 

141 

IO-5 

iil 


ToUl 


iia 
41 

3' 


so 


'44 

43 




'56 


■48 .j< 


"5 


iij ' .. 


135-1 


S.;::::: 

AatwnD 

Winter 




5' 
37 

36 


33 ' 36 
>8I „ 

t' 1 1; 


45 

30 
19 


39 1 .. 

as .. 

ii \ .. 
26 .. 


14-1 
9-0 

13-6 
9> 



TiSLB VII. 
HmrasB w Dats or Wind DoMcnm 



roa Teh Tubs 1875-1884. 



Agntt 

eplember ... 

ovember 

*eragetorOna 
TMt 

pring 

.vtDmn 

nmw 



^ lU (ii 



ll 



siL 



815 

S3 8 



56i55634"i3 

72^7,36 7; 54 '7( 56 
S3 3846 33 6521 93 

-■■ 4 7I23I 66' 



> 65 S3 105 1 

J 647017546159 
' 6947129,35 
r 104641145138! 



is 



S 9 

6 '7 5 

l.t 
'6 7 7' 

Ip 

7"i'4 
6.5.4 



{64» 
'35035 
"°3434 



dftyi of polftr wind blowing if Eaat-Bonth-e&atwind beineladed. 1877, the 
■r of piiti""""' solar radiation, is th« yen of maxininm nnmbw of days of 
utorial wind direction. Tbe solar radiMion of all polar winds ia titoni 
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^'' higher than that of the eqaatorud winds, bat only 00-7 hi|^er thin the 
yearly average. The greatest inflaenoe of polar wind np<m radiation is in 
March. The maximam of the mean solar radiation curve in May has been at- 
tribnted to wind, and especially to polar wind, but as seen from TaUe Ylli. 
the points of greatest radiation in that month are respeetiyely Sontli by Eait 
and West-north-west, one of which certainly is an eqaat<»ial wind, while the 
resultant wind of radiation for May is South-south-west, also an equatorial 
wind; the North-west, North-north-west and North winds are deeidedlj 
deficient in radiation during that month. 

Table YUI. shows the relation between wind direction and maTJmum radia- 
tion through the year. Commencing the first week in January the maTimma 
comes from the North, it continues to move slightly westward until Febnuury 
when it turns eastward slightly until March, from whieh time until July 
it progresses rapidly eastward till it is found at West-south-west in July, 
when the change again occurs and the direction again becomes westward to 
August and less rapidly westward till September, wb/sa it again changes to 
Eastward and again reaches West-south-west in October, from which, how- 
ever, it turns again westward to North-north-west by the North in NoTaniber, 
when it moves eastward to North-north-east in December tofinaDymeve 
slightly westward again to the North in January. Similarly the curve of 
minimum radiation at anangleof about 150° runs parallel to that of maximum 
radiation until April, from when it becomes flatter till May when it rapidfy 
backs to East-north-east in July, from when it slowly retuma westward to 
South by East in December and so eastward again to East-sonth-east in ^ 
January. In none of the months is there either maTimum or mwilm^tp ^ 
radiation to the West, West-north-west, or North-west points. 

Thus far we have viewed radiation in connection with vi^ur tenBion,^ j 
cloud and wind. Turning again to Table 11. for mean solar radiation, let 
examine it in detail and see what it affords. First of all, the year 1888 ia 
year of maximum radiation, and 1877 that of minimum^ We see abo 
mean radiation reaches its greatest height in May and not in July, and b 
minimum about the end of the year. The actual dates are May 9th fiir 
maximum and January 8th for the minimum, dividing the year into 
for the ascending period of increasing radiation, and two-thiids Car ik^^m 
descending period of decreasing radiation. The mean temperature of air ii 
the district has its maximum on July 17th and its minimum on the 
of January 12th for this space of ten years. Table XI. in reference to 
will be noticed frurther on. 

Taking out the average radiation for every day of the year, and 
the curve by taking ten-day means as the solar radiation for the day (sixtlvv^ 
as shown in the steady curve of Table IX., there appear in the ascending on^^c- 
third of the curve twenty-four days of minui sign, these being where conntcp^^v- 
checks occur, or an average of twenty per cent., and in the descending tir^cT- 
thirds 181 days of plus sign, or an average of fifty-four per cent. In otln^r 
words, allowing for the first short gradient being double the steepoesa of tb^ 
other, the fluctuations up to the maximum about equilibrate those of the 
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TABIA Tin. 
S«UB RkMATtotf iMB #n|]» DiUoTUn) roi ^mM-»m-A-muM Yum 1875-1SS4. 



Month. 


ij 


X 


IS 


e4 

2 




» 


i 


|g 


i 


n 


i 


'A..-.:::;: 

Septembw..,. 
OMober 


13> 
39-8 
4»'9 
43-9 
4"7 
41a 

1? 

i8g 
"9-3 
131 


"9-5 

,■5:5 

35 I 

4f4 
37« 
4a» 

315 
'53 


"°3 

50a 

449 

44'4 


i3°o 
19-0 
450 
43-9 
45 
43'4 
4Ii 
39'<J 

|l 

8-1 


133 

4. 6 
44-8 

S] 

487 
408 
307 


i 

37"9 
33 9 
35 'O 

SI 

21'4 


il 

37-0 
,397 

'35-0 
,39-5 
'35-5 
39' 

T, 

'345 


is 

20-3 

43'3 

V,i 

3«-3 
14 9 


ft 
V.i 

'50-S 

i 

350 


'3' 

III 
43' 

47-a 

40'3 

■1:! 


ia°6 
ag-a 
39'5 
4 '7 

409 
37-0 

9-' 


D«ljATBr»g8 


31-4 


33-0 


35a 


355 


29-9 


3'*' 


28-3 1 29-9 


27-8 


25-0 


30-8 


l!SJ»-.:;; 

Antama 

Winter 


4a-j 
'7-7 


4ja 

37'9 
29'4 
ao-g 


45'a 
423 

28-4 

21-9 


44-6 
40-8 
3''4 
ij'6 


4''5 
344 
24-4 

'3 '4 


4' 7 
381 
a4-6 
16-7 


34- 1 39S 
39'I 41-6 
26 s ■ i8'3 

'.■s:.4'6 


41-0 
36-6 
285 

'+•5 


445 
401 

a5-6 
'4-5 


42-3 
41-0 

33'4 
I5l 


No. ol Dm; 8 . . 




i6> 1 81 


a^S 


g. 


118 


72 1 119 


6. 


27a 


125 


MoaUL 


^ 


i 


^ 


g 
» 






i 


Wind ot 
Radiation. 

Ma». 1 Min. 


-i 


J«o«y .... 
F«bnuu7 .... 
Uneh ..... 

£E;i:: 

Ootober 

Sorember.... 
Dseember .... 


JO 8 

s:; 

43'9 
447 

"1 

41-6 
"■5 


ft 

45'3 
45*3 
4J8 

•3» 


14-9 
37-4 

a 

4*7 
431 
403 
377 
34" 

la-s 
139 


il 

40- J 

46'+ 
+3" 

27-4 
21-5 
'34 


17-9 

47'6 
433 

43- ' 

30s 

25-8 

tgo 


I5°6 
'35-5 

47*8 

\il 

430 
44-4 

34;8 

1; 

13-3 


7°5 

ill 

36-1 
367 
36a 
17-1 
ao-5 
i4'o 
Ti 


N 

NNW? 
Nl.yW 

NNE 
SbyE? 

8SW 

waw 

ENB 
NE 
WSW 
NNW? 

NNE 


ESE 
E.NE 
SE 

%'» 

SSE 

E 

ESE 
ESE 
SSE 
8byE 


W38N 

W16 N 

NjgW 
Sao E 
Sa6W 
W12 S 
W39 S 
S23 W 
S38W 
W30H 
S4i W 
n'7E 


Pail; Avenge 


33-3 


340 


345 


336 


34-6 


32*3 


25-,] NE 


S 


W aj-S N 


SE^S.-:;:: 

Antatnu 

Winter 


.8-4 


447 


416 
420 

SI 


4I-3 

SI 

181 


44-0 
♦■■9 
240 


416 

41-8 
287 
.9-0 


37-5 
IO-8 

"7 


XNE 

waw 
waw 

NW 


EaB 

ENE 
ENEf 

BSE 


N44W 

wis 
W26N 

WasN 


Vo.QtDajB ..] say 


_!35_ 


_47?_ 


.64 


27a 


98 




_ 


. 







1 Onlr two abwmtiaa 



longer grtdieot down again to the same level. From the middle of June to 
the middle of Jul;, and again early in Angnst to well into September, there 
an two unbroken periods of phu sign for twenty- eight and thirt;-fiTe daya 
re^eetiTely, showing that the later Bommer moQtba hare Bomo strong 
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TABLE DL 
Computed Mean Solab IUdutiok ot Evxbt Day fob Tin Ybabb 1875-1884. 



Date. 


s 

1 •-> 


• 

,0 
(£4 


• 



1 


1 




1 


i 


i 


1 


1 


Dee. 




, 




















« 













X 


II 


19 


33 


42 


44 


44 


43 


39 


41 


35 


31 


14 


2 


II 

1 


19 


34 


43 


44 


44 


43 


11 


41 


34 


31 


14 


3 


i II 

1 


20 


35 


44 


44 


44 


43 


41 


33 


31 


14 


4 


10 


20 


36 


44 


45 


44 


43 


38 


40 


32 


31 


14 


, 5 


10 


21 


36 


44 


45 


44 


43 


39 


40 


31 


31 


13 


! 6 

1 


10 


22 


37 


43 


45 


44 


43 


39 


40 


3« 


31 


13 


, 7 


10 


23 


37 


42 


45 


43 


44 


39 


40 


31 


31 


13 


1 «i 


10 
(9-6) 


24 


38 


42 


(44*9) 


43 


44 


39 


39 


31 


32 


13 


9 


10 


24 


39 


41 


45 


42 


44 


40 


38 


3« 


33 


13 


xo 


10 


24 


40 


41 


45 


42 


43 


40 


38 


30 


33 


12 


XX 


10 


25 


41 


41 


45 


42 


43 


41 


38 


30 


33 


II 


X2 


10 


25 


41 


4« 


45 


42 


42 


41 


37 


31 


88 


10 


"3 


10 


27 


41 


41 


45 


41 


42 


41 


37 


31 


83 


10 


14 


II 


28 


41 


40 


45 


41 


42 


41 


37 


31 


33 


10 


15 


II 


29 


41 


40 


44 


41 


41 


4« 


38 


31 


38 


10 


16 

1 


12 


29 


41 


4' 


44 


41 


41 


40 


38 


31 


33 


10 


1 17 


13 


29 


4' 


42 


44 


42 


41 


40 


38 


30 


31 


10 


x8 


14 


29 


42 


43 


43 


42 


40 


40 


38 


29 


21 


II 


19 


15 


30 


42 


44 


43 


42 


40 


40 


38 


29 


20 


13 


20 


16 


30 


43 


44 


43 


42 


40 


40 


38 


29 


19 


13 


21 


16 


31 


43 


44 


43 


42 


41 


40 


38 


38 


18 


H 


22 


17 


32 


42 


44 


42 


43 


41 


40 


38 


38 


17 


»5 


23 


17 


32 


42 


44 


42 


43 


41 


39 


38 


27 


17 


16 


24 


17 


32 


41 


44 


42 


43 


41 


39 


37 


26 


16 


16 


25 


18 


33 


41 


44 


43 


43 


41 


40 


37 


26 


15 


16 


26 


18 


33 


42 


44 


43 


43 


40 


41 


37 


25 


«4 


16 


27 


18 


33 


42 


44 


43 


43 


41 


41 


36 


25 


14 


16 


28 


18 


33 


42 


44 


43 


42 


41 


41 


36 


24 


13 


16 


29 


18 


. * 


42 


44 


44 


42 


41 


40 


36 


23 


'3 


»5 


30 


19 


. . 


42 


44 


44 


42 


40 


40 


35 


32 


H 


«4 


31 


19 
9 


• . 


42 


• . 


44 


• • 


39 


40 


. . 


88 


• • 


13 


i Range 


H 


10 


5 


3 


4 


5 


3 


6 1 


13 


>o| 


6 



influence at work holding up and raising the level of radiation at this time 0/ 
year. This influence is due to astronomical positicm, as will be seen in dis- 
cussing Table XI. The high radiation of the latter part of Deeember is 
remarkable. Another noticeable point, but one not shown by any of the 
present tables, is that the months of greatest solar radiaticm fluetnationfl are 
those before the maximum and minimum, namely Mareh and November. 
Another point is that the radiation of the district under discnssiony owing doubt- 
less to the smoke canopy from which the westerly neigfaboarhood of Birming« 
ham derives its name of the " Black Country/' is some 8^ less than thai of the 
average radiation of the country, taking western and eastern stations together. 
The highest radiation was 78^ on March 9th, 1888, with snow the day before. 
The radiation on calm days is 25^*5. No radiation occurred on forty-one days 
in ten years. The period of Maedler*s cold days of liay is one of high 
radiation, as also is that of the November wave of barometrio {xresgore. 

In taking out the range the* period of indiflerent exposnrei Mareh ISQQ. 
November 1882) has been left out of the reckoning. 



ef 

i- 
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TABLE I. 

UunnTit BouB BisuxiOH 1875-1884, 



Jumuy.... 
Febnun .. 
Hueh .... 

April 

M«y 

Joly '.'.'.','.'. 

September.. 
Oolaber . . . . 
Korembcc .. 
Deoember .. 



I Mean .... 



55 49 I 55 



TABLE XL 
Soum BjkDunoK.— HioHEM Bbwikm onano tbi Te> TuBt 1S75-S4, 



Date. 


li^ 


1 


i 


rt 


i 


■< 


i\i 


1 


i 


1 


, 






to 


59 




1 ^ 
5°6 i 61 


49 


1°8 


34 


49 






40 








5" 1 37 


37 49 


3 


it> 




43 J8 


•il 


60 59 




54 1 39 




4 




41 




■ig 


5' 53 , 50 Sj 


54 ; 44 






*<» 


47 


43 58 


s-i 


53 ! 58 , 53 66 


50 37 


34 , 5^ 










14 


53 ; 56 1 59 64 


54 , 54 




7 






•>4 


50 


56 ; 51 65 


5' 1 5' 


id 56 






3» 1 75 ' 56 56 


SI 


55 55 58 




14 1 49 


9 




39 73 57 ■ 53 


il 


53 1 55 58 








t' 


40 1 7' 49 , 64 


S4 


55 1 50 *3 


46 ' 5i 






^ 


40 48 ! 53 > 59 


lb 


5" ! 56 *3 


5° , 3S 








40 




Si 


55 1 52 ■ 51 






13 


IS 


4'^ 


59 1 66 1 57 


5' 


57 1 SO 34 


45 , 4' 




'4 




40 






49 41 




>5 


-^7 


4U 




56 47 


5' , 5i 


44 45 




16 


11 


41 


64 63 ; 56 


io 53 


50 1 56 


4a 1 40 




;i 


49 


4« 


69 66 , 58 


57 1 50 


Sf 1 60 


45 1 4= 


^8,5^ 


41 


5^ 
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This being bo, we have Ukou ont the following table. TbUo XL ibowi 
(ho highest reading taken on the dates in ten jt»n, and thia gnaa t Terj 
int^^rcgting reatilt, as it puts a different fuw upon thinga, — instaad of « an^ 
Ma}r maximiuu we have here two maxima, well and olaarly diowing that 
Sfarch and September, or to epeak nuxn nearly, nina daya bafcce the ^ring 
and twenty days before the antomnal equinox, the time* when «» aiperieBW 
for A few days what wonld be the constant state of oor eUnuU* if the atm 
moved in a plane coincident with the equator, are the perioda of tfa« m^inmtnii 
oSect of Bolar rajB ; the average maximum radiaUon of ICardi ISth and 
September 8rd being 68° — the average mairinniiii radiation of Haroh Slat 
and September 2Srd being S9''. Hereh to September inehiaiTa only nty 4° 
in their means, themselTea being the only months with readugi orer 7(P. 
The wean of the maiJma id ereiy day of erery momth only giTsa a tmga of* 
8°throDgboatthe81daysofthem(Hittu. The high readings in the httar halT 
of December are again seen here, while not far aw^y ia tha diatinetljr 
marked Tuipinitim of January 12th, 8S°. The line showing tha rangaa of 
mazimun ot the mouths is interesting, the steadiest maxima being in Id^* 
June and July, and the most fluctuating being when the son is btiheii am^ 
in influence. 

Following np this clue to two maxima at the equinoxea iriiera we hsTa 
uBually noticed one only in Uay, let na show in the twelfth and hut table a 
statement of nocturnal radiation for ten years — the diflereneea balwMo the 
minimniu air thermometer at 4 feet above the ground and the ™p'mim oa 
grass. 

TABLB XII. 
NocTUBHu. BwuTion foB -na Two FnuoM 1875-9 um 1S80-84. 
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Xbif is ft table not erf solar radiation bat of re-radiation of terrestrial heat 
into the atmosphere and spaee. It shows again the two periods of maxima 
as in Table XI., bat with an amount of lag of aboat forty days in spring and 
about Ibrty-eic^t days in aatamn. It also shows more elearly than Table XI. 
the two periods of minima at their proper three months' intervals in the third 
weds of Janoary and Jaly, or shortly after the periods of the son's greatest 
aoatheriy and northerly declination. Thus the May maximum is accotmted 
for as goremed by the seasons, the earth in our latitudes being then most 
tamed towards the sun. Table Xn. being taken as the complement of 
TMe XI. giyes us the correction of the apparent anomaly of the eccentric 
eorve at the table of mean solar radiation (Table n.), and Table XI. shows, in 
its hi^ radiation of the later summer months, the fSact that we are then 
within the zone erf greatest heat incidence at that time of the year. 

Inereased radiation may be expected after heavy rains, because of the 
Iftoring which the]air receives. Accordingly we find (without giving tables) the 
exoess, taking the day after falls of half an inch and over and the day after 
continuous rains, is equal to 5^°. The greatest average excess is in February, 
11^; the least, after an interval of six months, is in August, P; the maxi- 
mum excess was in January 1884, +82° ; the greatest deficiency after 
hoftvy rains was in November 1876, »16°. 

After violent winds, which remove local atmospheric impurities, we may look 
for increased radiation, accordingly we have an average excess of radiation on 
the days after gales, from whatever quarter, equal to 4i°. 

Again, sky freedom from cloud, whatever adverse influence it may exercise 
on absorption, does undoubtedly increase radiation, so we find (no tables 
giTen) the mean excess of the year is 5^°; the greatest average excess of 
elear sky radiation over the mean is in February, 9^° ; the maximum excess 
was in March 1888, +i2P ; the maximum deficiency of radiation with clear 
■l^ was in May 1878, —27°. Two months, June and July, show a mean 
d^leiaicy for the ten years of respectively *6° and '4°. 

It has been suggested that the mean fluctuations of solar radiation about 
eqnal those of mean temperature, so we have here taken out for the ten 
years the monthly cases of agreement and disagreement of the two daily 
means, aUowing + or --4^ of difierence in the solar radiation daily means, 
and -f or — 2? in the air temperature means, and find that the cases of 
agveement are to the cases of disagreement as 8^ : 2 ; the maiimum number 
of eases of agreement being in October, November and September, and the 
maiimum number of cases of disagreement being in January and December, 
the actual numbers being for the four seasoJis : — 

Spring agreements 5 disagreemtots 
Summer „ 2 .„ 4 

Autumn „ 19 », 8 

Winter „ 6 „ 12 

This again points to doud influence, and also to the influence due to our 
position as regards the sun. 

These are the chief data ascertainable from the iacts before us. It is 
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onadvisable to discuss probabilities in this qaestion, but as food for reflaelion, 
it may not be amiss to consider the inflaenee of the duration of snndiine in 
connection with radiation. We hare seen how the maximum of mean 
radiation occurs in May, but it requires bearing in mind, and is a very im* 
portant point in this connection, that from March 10th to September 8lh 
the solar radiation only fluctuates 5°, and it may be that the Hay maitnunn is 
due to special circumstances and fiEivourable eoi^unctions such m wind and 
cloud reaction, and that after all the march of radiation may be shown to be 
with that of other climatic phenomena and only in aj^pearanee eeoentric. 
The tendency of wind and cloud reaction as to this has been already aketehed, 
but it may turn out that long-period observation of the conneetion of solar 
radiation with sunshine duration may still farther tend to assimilate tha 
curves of this with other meteorological phenomena. The proportion of sun- 
shine in the ascending 'and descending radiation periods is as 6 is to 7» 
showing more sunshine during the summer to winter sobtiee ttian in thai 
from winter to the summer solstice. The hours of sunshine in Hay, Jimef 
July and August are on an average more numerous than those of all the 
other eight months put together. It is fair to assume that the reservoir of 
heat thus created by the sunshine of the months, when so large a proportion 
of the day consists of sunshine, or at least sun influence upon earth tem- 
perature, may afibct the maintenance of the later summer and autamn high 
level of radiation as much as the combined influences of wind and dood. 
Again, about the period of the May maximum the duraticm of sunshine after 
noon is longer than that of any of the other months. September also, 
though in a lesser degree, has this additional afternoon sun. If the blaek-bnlb 
thermometer readings are at a maximum in May about 1.46 p.m., and the 
air thermometer at about 8 p.m., May with its additional twenty minutes 
afternoon sunshine has a better chance of a high record or a course of hi^ 
records than the other months, excepting September, which also has a mmilar 
chance though in a less degree, and this is seen as oeonrring in ft marked 
manner in 1875, when the mean solar radiation was no less than 17^ above 
the average of the other nine Septembers of the period. There is, however, 
no instance of an exceptionally high mean in May. May, Jvij and August 
being the months of least mean fluctuation, while September, Februaiy and 
November are those of greatest mean fluctuation of solar radiation. May, June 
and July are the months of least maximum fluctuations, vdiik Deeember, 
November and March are those of greatest maximum fluetoationa. The 
absolutely highest fluctuation in ten years was 78^ in March, and the lowest 
45^ in January and December. The year of minimum sunspots, 1878, was 
one of average radiation. 

It is likely that ebullitions of the combustion of certain solar gases influence 
the readings of radiation, and it would be interesting to know what, if any, 
special ebullitions occurred during September 1876, and during the flnt 
twenty days of April 1886, the peculiar radiation of which has been reisired to. 

In conclusion, the author begs to express his oUigiUions to the papers in 
the Quarterly Journal^ notably those of Messrs. Ellis, Whipploy and StoWy in - 
connection with this subject. 
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DISCUSSION. 

Dr. Marcet sftid that tlie subject of solar radiation wa^ full of interest, and 
while much was Imown concerning that phenomenon there still remained a great 
deal more to be learned. As an illustration of atmospheric humidity affecting 
solar radiation, he referred to the extreme heat of the sun on the Peak of 
Teneriffe, where the air is almost as dry as it is possible to imagine it can be, 
and where in summer hardly a cloud is to be seen in the sky. Prof. Piazzi 
Smyth, in his observations made at. this place at an elevation of 7,000 or 8,000 ft., 
reckoned the temperature in the sun to be 212^. The mountains of Switzer- 
land also affordea examples of high solar radiation, the sun's heat at Davos 
(5,000 ft) in the winter exceeding that registered at Cannes on the Mediter- 
ranean seaside. 

Mr. Lbcsy thought that solar radiation would be greater with damp than with 
diy air, as he knew that in viewing objects tiirough a telescope a much lower 
power was required in the moist air of Valencia tnan in the comparatively dry 
air of Cork. 

Dr. Marcet remarked that on the shores of the Lake of Geneva objects 
were much more easily discernible at a distance and appeared much closer when 
the air was moist than when it was dry, which the distinguished natural philoso- 
pher. Professor De la Rive, of Geneva, had explained bv assuming that the dust 
floating in the atmosphere is hygrometric, and absorbing moisture on damp 
di^s becomes transparent, thereby giving increased clearness to the atmosphere. 

Mr. Whipple said he regretted that such elaborate use had been made of 
observations from a black-bulb thermometer in vacuo^ as the records furnished 
by these instruments were by no means satisfactory or trustworthy. In fact, the 
more he had to do with these thermometers the greater was his conviction that 
the observations from such instruments were worse than useless for the purpose 
of theoretical observations based upon comparisons. 

C«>t. ToTMBEE remarked that relative changes were shown by instruments 
which did not give absolute values correctly ; for instance, an aneroid barometer 
which did not show the pressure of the air correctly would still show the changes 
in its pressure. He asked whether some such argument might not be used with 
reference to the various readings of a black-bulb thermometer. 

Mr. Stanley remarked that his own experience with black-bulb thermometers 
•ii vacmo led him to believe that it was impossible to attach much value to tlie 
indications of these instruments. 

Mr. Fox was disposed to agree with Dr. Marcet respecting dry air allowing 
aolar heat to reach the earth more easily than moist air. He drew attention to 
Prof. lVndall*s experiments on the heating and penetrative powers of luminous 
and dark heat. 

Mr. Smith, in reply, said his paper only dealt with a local and small portion 
of the subject. He thought the thickness of the atmosphere was as much a 
f nnction of radiation intensity as was the angle and the season of the year at 
which the sun's rays shone upon the earth. He reminded Mr. Whipple that the 
thermometer used in the observations was verified by himself, and any one part 
of its register was stricUy comparable with any other part. 



las Climate of Kxllarnhy* By the Yen. Archdeacon G. B. Wynne, M.A., 
F»B.Met.Soc» 

[Bead April Slat, 1886.] 

TempetiUwre* — The elimate is determined partly by its geographical positioni 
plaeed as.Eilkmey is within 14 miles of Dingle Bay, 18 miles of Kenmare 
Bay, and 40 miles of Valeneia Island. It has thus the benefit of proximity to 
the South-west Coast, with all the modifying influences of the Chdf Stream. 
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But the temperatnre is locally modified, and a decided difference is found 
exist between that of Valencia and of Killamey. In Table I. the ooninft^ 
exhibited for one year, a period sufficient for the pnrpoee.^ 

TABLE I. 
Mbam Tbmpbbatubs, Vaubhoa Aim KilLabrbt. 



1885. 


IBt 

quarter. 


2nd 
quarter. 


2i 

quarter. 


4* 
quarter. 


Year. 


Valencia ,,,, •••••••• 


o 
44-5 

421 


e 
49-8 

48-3 


57-1 


47-6 
457 


o 
49'9 
48-3 


Killamev ••••• 




Difference 


— a-4 


— «"S 


— 0-9 


— x'9 


-.1-6 



Note. — At midsommer the Killamey weekly mean five times exceed^ 
that of Valencia. 

How is this difference brought abont ? If we examine the maximum, ca^^^ 
minimum weekly means for 1885 we shall find that the maximum at ValesB^^ 
exceeded that at Killamey on 19 occasions, and thai the mifiimnm at VaIeXB^>> 
exceeded that at Killamey on 62 occasions. 

In other words, while the Killamey weekly maTimqm ^y^s eqoBl U> ^ 
above that of Valencia 88 times, the Killamey fwwiwt^Tn was always bel^'^ 
that at Valencia. The range therefore at Killamey is eonsiderabl|y gti»t^^' 

The minimum temperatures at Killamey have atlncted some noti'^^* 
Compared with Valencia we find as above, while compared with the aeii^^ 
weekly minima from <* Ireland S" for 1885 we find that the KiUariB^J 
minimum was 14 times in the year lower than that of any other south^^^ 
station, and 11 times it was as low, including 7 times on which it was h^^^^ 
than that of any of the 17 Irish stations of the Meteorological Office. Tfc'^ 
is noteworthy when it is remembered that comparison is made, among othe^'^i 
with tlie central stations, Parsonstown, Kilkenny and Arma^, and theNoK^ 
Eastern Donaghadee. 

The mean annual temperature may also be compared with thai of " 
land S." It stands thus for four years past :— > 

TABLE XL 
Mean Ankual Tempbbatubs fob Foub Tbabs. 



Year. 


i88s. 


1883. 


1884. 


1885. 


Eillarnev ^ 


o 

49*5 
5o«3 


48-7 
49*3 



49'4 
50-1 


496 
484? 


**IrelandS" 




Difference • 


—•8 


—•6 


—7 


4-r2? 



It might fairly be expected from the reputation for mildness and tek^^^^ 
air which is home by Killamey, that the mean temperature would exeeed t^^ 



^ It should be noted that the thermometer sereen at Killamey stands at a level 
20 ft. above the mean level of Lower Lake. 
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average of the whole of the island south of the latitude of Dublin ; but such 
does not appear to be the case. 

Lastly, comparing the Killamey with the Dublin observations for the four 
years, we have first to decide whether we shall take the City observations 
published in The Meteorolotjical Record , or those furnished by the Obser\^atory 
of the Ordnance Department, Phoenix Park. 

A comparison shows that the City readings are, on the average, much 
higher than the Park ones. For the years 1882, 1888 and 1884, the excess 
of the City monthly actual minima over those of the Park can be seen 
below : and we give the Table, as it may be judicious to let meteorologists 
know that the Dublin City observations are exceptional. 

TABLE m. 
Mean Montblt MnnMA at Dubun. 



Month. 



City. 



Jannaiy.. 
February , 
liiarch .. 
April .. . 
May .... 
June .... 
Jnly .... 
AuguBt .. 
September 
October .. 
November 
December 



1882. 



40-4 
41-9 
41*2 
41-4 

46-3 

497 

539 
53-6 

477 
45"4 
38-9 
33-8 



Park. 



1882. 



o 

38-3 

38-8 
38-6 

37*9 

41*3 
46-3 

49*6 

50*2 

44*1 
41*2 

36*0 
307 



City. 



1883. 



o 

387 
38-9 

337 
40- 

45*5 
50-4 

5^-5 
53*4 
497 
44*6 
39.6 
38-1 



Park. 



1883. 



o 

35*3 

36-3 
30*0 

3S'i 
41-3 
467 

49-5 

49*4 
45-6 

41-3 

36-1 

34-8 



City. 



1884. 



41*2 
39-2 

40*3 
38-3 

45-6 

507 
54-8 

52-1 
44.6 
367 

37*4 



Park. 



1884. 



o 

39*4 
37-1 

37*5 

35*2 

41*4 
46-8 

50-9 

51X 

48-5 
417 

35*5 
347 



Comparing the Killamey minima with the Dublin City Record, we have 
in the years 1882, 1888, 1884, 81 months out of 86 in which the Killamey 
mean minimum was lower than that of Dublin. But during that period the 
Killamey minima were lower than those of Phoenix Park only 5 times. 

It is noteworthy that in 1884, when observations in Londonderry began 
to appear in the Record, the Killarney mean minimum temperature was lower 
than that of Londonderry 6 times. 

Lastly, viewing actual minima for the years 1882, 1883, 1884 and 1885, 
and comparing with Phoenix Park, we have 19 months in which the Killarney 
minimft. were lower than that of the Park. (In every month Killamey was 
lower than the City.) The annual mean of actual monthly minimum tempera- 
tares stood as follows : — 
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TABLE IV. 



Year. 


1882. 


1883. 


1884. 


1885. 


Killamev ■ • 



29*6 

28.3 



29*1 

307 



31-8 

33-8 



28*9 

281 


Pfacenix Park 
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The lowest temperature in the shade in the four years was 11^*5 at 
Killamey, and 6^-8 at Phoenix Park, in Deoemher 1882. 

From all the ahove eomparisons it appears sufficiently clearly thai EiBaniey 
is to he credited with low minimum temperatures, and low mean temperatares 
oonseqaent on these, as the maxima are comparatively high. 

When we ask the cause of the great difiference between Yalenda and 
Eillamey in the matter of temperature, we do not attribute it mainly to 
the inland character of the latter station. It is .distant but a dozen or 14 
miles in one direction from the heat-bearing waters of the Qulf Stream, anS 
the tendency of the large amount of precipitation caused by the moontains 
which lie between Eillamey and Valencia must be to increase rather thao 
to diminish the heat of the air surrounding them. 

The solution of the problem seems rather to lie in the fSact that Eillamey 
lies in a great irregular basin, surrounded by mountain ranges for about a third, 
and by hilly plains elevated some hundreds of feet above the lakes on most 
of the remaining two-thirds of the circle. 

The tendency of the heated air to ascend, leaving its place to be occupied 
by a colder stratum, probably explains the comparative coolness of EiUamey 
at and near the Lake level, a fact established by the observations of the last four 
years, and one subversive of the popular opinion that Eillamey has a very mild 
climate indeed. The mildness, it would appear, is rather the attribute oi the 
county than of this particular basin, and on the whole, judging from actual 
minimum readings, or even from mean temperatures, appears to be a character 
not justified by the facts of the case.' 

Rainfall, — ^I shall simply give the Annual Rainfall for the last four years 
at the three stations in and about Eillamey, comparing the figures with 
those for mean of Ireland, and the Dablin rainfall for each year. 

It appears that that which may be an excessively wet year in the South ma 
be marked by comparative dryness in the East of Ireland, an observatioa 
ofben verified by the comparison of monthly totals. 

Amount of Cloud. — Five years* observations bring out the fact that the mean 
proportion of cloud, var^aDg little with the seasons, is slightly over 7, a 
proportion which in England is characteristic of towns in the Black Country, 
and of such places as Bolton. 

^ With a view to determining whether the low minima observed are due to some 
local conditions applying only to the station at Woodlawn House, or whether these 
minima afieot the whole basin in whioh Eillamey is sitaated, a second station 
established on April Ist at the District Asylum, Eillamey, at a distance of 1 
from, and at an elevation of 80 feet above Woodlawn. The results, so far, for the 
months (April, May and Jane) have been :— 

Mean of minima at Asylum, April, 3S*8 ; May, &'S ; June, 6S*6. 
„ „ Woodlawn, „ 89-2; „ 42'6; „ 49*9. 

The mean dry-bulb 9 a.m. temperatares at the two stations were :— 

Asylom, April, 49*0 ; May, 50*8 ; Jane, ^7*8. 
Woodlawn, J, 48-8; „ 61-1; „ 67-8. 

(Note added July 1886.) 
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TABLE V. 

Annual Bainfall. 



1882 
1883 
1884 
1885 



Killamey. 



ins. 
58-13 
70*06 
63*16 
52-69 



D^^ 'iMangerton. 



ins. 

• • 

102-3 

ioi'9 

89-2 



in&. 

• •• 

96*0 

+83-0! 

88-1 



Mean Ireland] 
South. 



ins. 



40*0 



Dublin. 



ins. 

34*8 
29-6 

21*2 

23-5 



> III March 1884 the monntain gange seems to have been choked with Bnow, and 
soma amonnt of precipitation has been nnregistered. 

TABLE VI. 
Table illubtbatino Ck>HPABATnrs Cloudiness. 



District and Station. 



Ekoland, N. 
Ahiwiek (Gramlington 1884) . . • . 

Enoland, E. 

Lowwrtoft 

England, Mid. 
Gheltanham 

England, 8. 

Margate 

England, S.W. 
Babbaoombe .•••••.. 

Ibxland, B. 
Dablin 

Ibsland, N. 
Londondeny 

Ibbland, S. 
KiUan^y 



1882. 



9 a.m. 



6-5 
6-8 

7*3 

rs 

7.1 
6-5 

rs 



9 p.m. 9 a.m. 



5-8 
6-2 

6-4 
6-2 

6-1 

5-6 

6-8 



1883. 



67 
6*9 

6-8 

6-7 
7-0 
6-1 

7-6 



9 p.m 



57 

6*2 

57 
5-3 
57 
5-6 

67 



1884. 



9 a.m. 



7-3 
6-6 

67 
6-4 
6-8 

6-4 
77 
7-3 



9 p.m. 



6-1 

5-8 

57 

5» 

5*9 

57 
6-4 

6-5 



Mean 
of all 



6-3 

6-4 

6-4 
6-2 

6-4 

5-9 
7-05 

7-04 



Note. — Observe (1) The mean ratio of all 9 a.m. readings to all 9 p.m. 
readiiigB for seven stations during three years is 6*9 : 5*9. 
(8) Dablin shows minimnm clondiness, Londonderry and Killamey maxi- 



Bbsults of Mbtbobolooigal Observations made in SeiJLnoor, Malay 
States, 1B79-1884. By A. W. Sinolaib, L.R.C.P. Commanioated by 
E. D. Abohibald, M.A., F.R.Met.So€. 

[Bead April 2l8t, 1886.] 

I mnnoT herewith (1) abstract of rainM observations for the six years, 
1879-84, at Ewala Lnmpor (the commercial capital), situated at the source 
of the Elang river; (2) thermometrical and rainfall observations taken daring 
1884 at three out stations, viz. : (a) Elang, the principal seaport, situated at 
the mouth of the Elang river, (b) Eajang, representing the source of the 
Langat river, and (c) Ewala Langat (the residence of the Sultan) at the mouth 
of the Langat river; and (8) an abstract of meteorological observations 
tnken at Kwalu Lompor during the year 1884. 
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All the instramenta are by Negretti and Zambra, The barometer ia 
Btandard, and moimted in biass. 
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TABLE L— RuHWi. at E«ua Lovtob, 1879-1814. 



Janoaiy 
February . 
March .., 

i^J '.'.'.'.'. 

July '.'.'.'. 
Augoat ,,. 
September 
October . . . 
November 

Tear 



■r6s 



■ 88]. 1884.: ToUk. 



67s I 
6-I3I 



9'"S 8-ij| 7-9* 



■■H 84-47 99 S9 86-|g I 84-81 1 9g-6« 5547: 



K 



ABHTUra OP TSHPBUTDRK AND BuHTALI, OBHUTlTtOVB TAKBH U 

Eajano, A}n> Ew*u Iiahqat, odt SrAnom 
Su-iHOoB, pDBiKo tbb Tub 1884. 



Halai Hatitb Btatb a 



Uonthe. 


ElBCg. 


Kajang. 


Kwato Laagat. f 


Temperature. 


Totd 


Total 


Temperfttnre. 


Total / 




















Min. IBange 










Range 


/ 








Ins. 


iDB. 




^ 




IM. 


January 1 87'o 


6)(-s 


iK'S 






H-i 


6rS 




r7i 


Febnmry SS-K 


69-9 


iK-q 




^ 


8 1-1 


erS 




i+! 


Maroh .. S97 


70'4 


'9'J 




1 








'T 


April .... 897 




,«-, 




a*-! 


6rs 


io'6 


1" \ 






.9S 




^ 






i4'B 


"7t 1 


June .... Sg'j 




T8-9 








14-1 


«■!> ^. 


July ....' 90-j 


7''3 


lg-0 


3-qS 


J'U 


8s7 


(•VT 




10-7) % 


Aagast ,. 89-+ 






6'35 








September 897 


707 190 


m 


2-8+ 




191 




Ootober . . 89-7 






















85-1 64-6 




l.'.o ] 


December 877 


71-1 .6-5 


7-6S 


70R 


gj-o 1 firs 


"S 




Year ..' 89-1 


707 1 i8-4 


91-88 




8+7 ! «ri 


ii'6 


8613 — 



The following is an extract from the Chronicle and Directory for Chin^ ' 

Japan, and the Philippine Islanda, &e. Hong Eong, 1666 : — 

SiLlNOOB. — This is one of the native states of the Malayan PeuinBoU, K» ^"^ j 
lies between the DindingB and Snngie Ujong on the Blraita of Halaooa. It^'^^ 
bonndaries are not accurately defined. The government is adminigtered b^^^ "^ 
the Snltan, Abdol Samat, with the assistance of H.B.tf.'s Resident, who hm^"^^ 
a Btaft of English officials. The popnlation of the State ia inoressing, kd^^^"^ 
was estimated in 1888 at 42,000, of whom 80,000 are Chinese. The t«Di^'^ 
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toda ]° to' H. LoDgitade i 



-S-S-i 



jo-B 






Calm 

Calm 



19766 



. 6g 6's 



19-884 74.'g 93 I 5-9 



in ranges from 67° to 108° Fahr. in the shade. The aTerage annual 
U is 91 ins. The chief impoita consist of rice, salt, opium, tobacco, 
d oii ; while the exports nre tin, garnwood, hides, Bait-fish, sago, oanes 
ittans. The revenae for 1888 amoonted to $460,664, and the ezpendi- 
D ^448,708. 
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EXHIBITION OF BAROMETERS, 

Held by pebiossion of thb Council of thb LrenrunoN of Oivil 
Enoinbebb, at 25 Gbeat Obobob Stbbbt, WssTMiNsraBi S.W. 

MARCH 16Tn, and 17th, 1886. 
(Illustrations of some of the Barometers are giyen on Plate 3.) 



MERCURIAL BAROMBTERS-ADJTTSTABLB CUSTEBN. 



1* Portable or Hoontain Barometer, with iyory float, and vernier reading to 
'002 in., by Miller of Edinburgh. Thermometer by P. Bath, Cork. 
From the observatory of the late Dr. Longfield, of Cork. (See PAU. 
Trans. Vol. LXIX. p. 163.) Exhibited 6y R. J. Lbckt, F.K.MetSoc. 

2. Fortin Barometer) tube 0*5 in. diameter, with glass plun^ to raise the 

mercury in the cistern. ExkibUed hjf P. Adib. 

3. Fortin Barometer, with scale figured to tenths of an inch. (Fig. 1.) 

Exhibited by L. P. Casblla, F.R.MetSoc 

4. Fortin Barometer) with cistern and tubular casing sonare in section. 

Exhibited bjf Messrs. MBQBBTti and Zaxbba. 

5. Standard Barometer b^r Barrow, the pattern used by the members of the 

British Meteorological Society about 1850-60. 

Exhibited bjf (he Mbteoeoloqical Council. 

6. Hottntain Barometer, Fortin pattern, by Negretti and Zambra, in mahog- 

any case, which itself forms the tripod stand. Total weight 4^ lbs. 

Exhibited by G. J. Symons, F.B.S. 

7. Improved Honntain Barometer. (Fig. 2.) 

Exhibited by L. P. Cabella, F.R.MetSoc. 

8. Travelling Barometer) by West, of Fleet Street, with leather bag cistern, 

scale for capacity correction, divisions on strip of brass attached to 
wooden mounting, rackwork vernier readine to '001 in., and attached 
thermometer arranged for removal so as to Be also usea to obtain air 
temperature. Exhibited by Q. J. Stmons, F.R.S. 

9. Honntain Barometer, by Adie, with stand and case. This barometer was 

orieinally used by the North American Boundary Commission of 1857, 
and has since its return been employed on the inter-comparison of the 
various Standard Barometers of this country, having been dengnated in 
the published accounts of such comparisons a " ha(^ " barometer. It 
has an uncontracted tube 0*5 in. in diameter, and is in a brass case, with 
a Fortin cistern fitted with Adie*8 glass plunger instead of the ordinaiy 
leather bag. The scale is a continuous one reading from 11*6 ins. to 
32*2 ins. and is divided to 0-05 in. There are two verniers perman- 
ently fixed 9 ins. apart on an inner tube, which is moved np and down 
by a rack and pinion. A brass tripod and gimbals are provided for its 
suspension, and a circular level is attached to the top of the case to 
ensure its verticality. Exhibited by the Kbw Committbb. 

10. Self-Compensating Barometer.— This consists of the usual form of 

instrument, but with a double rack moved by one pinion, so that when 
adjusting the vernier in one position the second rack moves in the 
opposite direction, carrying along with it a plunger which is the exact 
size of the internal diameter of the tube. This dips into the cistern, so 
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tBat whatever displacement has ta!.cn place in the cistern owing to the 
rise or fdl of the mercury, it is exactly compensated by the plunger 
being more or less immersed in the mercuiy ; and consequently no 
capacity correction is required. (Fig. 3.) 

Exhibited by Messrs. Negretti and Zambra. 

BtiBdard Baiomoter with Electrical A^jastment.— This consists of an 

upright glass tube dipping into a glass cistern of mercury, so contrived 
that an up and down movement, by means of a screw, can be imparted 
to it Through the top of the tube a piece of platinum wire is passed 
and hermetically sealed. The cistern also has a metallic connection, so 
that by means of copper wires in the back of the frame a galvanic 
circuit is established ; another connection also exists by means of a 
metallic point dipping into the cistern. The circuit, however, can be 
cut off from this by means of a switch placed about midway up the 
frame. On one side of the tube is placed a scale of inches with a small 
circular disc diyided into 100 parts connected with the dipping point, 
and working at right angles with this scale. On the other side of 
the tube is a galvanometer. When the cistern is screwed up, so that 
the mercury in the tube is brought into contact with the platinum wire 
at the top, the needle of the efuvanometer is instantly deflected. The 
switch is then turned, and the dipping point screwed until it makes con- 
tact with the mercury in the cistern. The reading is then taken. 

Exhibited by Messrs. Negretti and Zambra. 

Negpretti and Zambra's New Standard Barometer with overflow cistern 

adjustment. In taking an observation the mercury in the glass reservoir 
is screwed up until it covers the inner small tube down which it flows into 
the lower part or cistern. The screw action is next reversed until the 
same tube is quite uncovered. The mercury in the reservoir then repre- 
sents the zero point, from which a correct scale reading of the instru- 
ment may be tMcen. Exhibited by Messrs. Negretti and Zambra. 

8tanl0y*B Cheap Barometer. — In this barometer the glass cistern, is raised 
by a screw until an ivory pes touches the mercury. The reading is 
taken across the upper edige of a short square metal tube carried by the 
vernier. The scale is divided on German silver. The vernier reads to 
*01 in. Exhibited by W. F. Stanley, F.R.MetSoc. 

Bojiean-lbriotte Barometer*— This instrument, which was invented by 
T. Telford Macneill, consists of a short central glass tube, a lower open- 
air tube or bulb, with diaphragm joined to it, covered with vulcanite 
and a brass tube which covers the glass tube and on which the gradua- 
tions and fibres are given. Attached to this is a cistern filled with 
mercury, which has a stopcock and a screw adjustment. The total length 
of the instrument is from 12 to 15 ins., but for convenience of carriage 
the cistern can be detached and carried separatelv. The atmospheric 
pressure is measured by an uniform volume of air being admitted to 
the cistern, and compressed by the advance of the mercury to a fixed 
point. The readings are taken from two points, as in the Fortin 
barometer. (Fig. 4.) Exhibited by L. r. Casella, F.R.Met Soc. 
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norland's Diagonal Barometer) the top part of the tube of which is in- 
clined more or less from the perpendicular to give, an enlarged scale 
reading. (Fig. 5.) Exhunted by Messrs. Negretti and Zambra. 

Large Ciatem Barometer. — This instrument was made for the Meteoro- 
lodcal Society of London in 1837 bv Mr. R. C. Woods, and cost forty 
gmneasi The proportion of the calibre of the tube to that of the cis* 
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tern is as 1 : 50, a proportion which was considered sofficient to obyiai 
the necessity for applying capacity corrections. The tube and cister 
originally held 70 lbs. of mercunr. 

Exhibited by the Royal Meteorological Societ 

17. Eew Barometeri first designed in 1853, tube 0*4 in. in diameter. In th 

instrument the cistern is closed and the scale contracted, to obviate tl 
necessity of correction for capacity. Exhibited by P. Adi 

IB. Marine Barometeri by Dennis, as supplied to H.M. ships previous 
1854. It was used for the meteorological register kept on boa 
H.M.S. Rattlemahe during a voyage to Behnng Strait, includu 
wintering at Port Clarence, 1853-55. 

Exhibited by the Meteorological Coumci 

19. Eew Harine Barometeri &» adopted by the Admiralty. (Fig. 6.) 

ExhUnted by P. Ad] 

20. Coast Barometer, by Negretti and Zambra, with plate for exhibiting t 

certiticate of corrections. Exhibited by the Meteorological Counci 

21. Oon Barometer.— The glass tube is packed with vulcanised india-rubber 

check the vibration caused bv firing. rFig. 6.) 

Exhibited by Messrs. Negretti and Zambb 

22. Marine Barometeri by Newman, used for the meteorological register ke 

on board H.M.S. Kesolute^ 1850-51. It reads correctly with the Meteoi 
logical Office Standard, but the tube is not sufficiently contracted foi 
marine barometer. Exhibited by the Meteorological CoUNCi 

^. Marine Barometeri by Ernst, the pattern used in the French Navy in 18( 

Exhibited by the Meteorological Counc] 

24. Station Barometer bv Tonnelot, as used at the Ecoles Normales in Fran< 

The diameter of the cistern is ten times that of the tube, and the divisio 
of the scale are shortened accordingly. 

Exhibited by the Meteorological Councj 

25. Coast Barometeri by Salleron, as used in France. 

Exhibited by the Meteorological Counci 

26. Marine Barometeri by Olland, as used in the Dutch Navy. 

Exhibited by the Meteorological Counci 

27. FitlRoy Coast Barometer.— This has a tube with very large bore mountt 

in H solid oak frame, vrith scales and figures engraved on porcelain, ti 
vernier reading to *01 in. This form of instrument is now used by t 
Royal National Life Boat Institution. (Fig. 7.) 

Exhibited by Messrs. Negretti and Zambr 

28. Old Barometer, by Newman, with thick tube, bore 0*2 in. in diameter. T 

case is of square tubing undivided, and the scale on an inner square tu 
is moved by a rack and pinion. It is graduated downwards fro 
25 ins. to 31 ins. and divided to 05 in., the vernier being a fixtui 
screwed to the case, and it reads to *002 in. The values of the capaci 
correction and neutral point are engraved on the back. The cistern is 
iron, closed and provided with Newman's arrangement for portability 

Exhibited by the Kew Committi 

29. Portable Newman Barometer. — The tube is uncontracted, 0*4 in. 

diameter with 0*25 in. bore, and is tightly embedded in mahogai 
and protected by sliding mahogany covers. The scale is of flat bra 
and extends from 20 ins. to 32-3 ins. Tlie vernier slides up and doi 
the scale, friction tight, tine motion being imparted to it by a loi 
screw lying at tlie back of the scale, the head of wliich projects throu] 
the top of the instrument. The cistern is closed, cased in brass, and 
provided with Newman's arrangement for portability. The values 
the capacity correction, neutral point, capillaiy connection and stands 
temperature are engraved on an ivory tablet inserted in the front of t 
case. Exhibited by the, Kew Commit! 
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Portable Newman Barometer with square tubing. Exhibited by C. Baker. 

fbimtain Barometeri old form, in mahogany frame, with engraved values 
of neutral point capacity and temperature correction. 

Exhibited by C. Baker. 

Portable Barometer graduated on the glass tube, with a sliding vernier, 
devised by Sir John Richardson, and used by him in the Arctic Regions. 

Exhibited by the Meteoroloqical Council. 

>eorge*B Portable Travelling Barometer, with spiral cord for filling the 

tube. (See Quarterly Journal Met. Soc, Vol. II. p. 29.) 

Exhibited by the Eew Committee. 

BScks's Spiral Tabe Barometer, giving a range of eight inches for one 
inch variation of atmospheric pressure. (Fig. 8.) 

Exhibited by C. Baker. 



MERCURIAL BAROMETERS-SIPHON. 



Eooke's Double Barometer. Exhibited by R. A. Wilson. 

Old Dutch Barometer by Reballio, combining siphon and long range 
barometer, thermometer and hygrometer. Exhibited by M. Pillischeb. 

(toy Luesac Mountain Barometer with vernier to each limb. (Fig. 9.) 

Exhibited by Messrs. Negretti and Zambka. 

Mounting of Travelling Barometer formerly belonging to, and used by, 
De Luc. Presentetlby the late Prof. John Morris, F.G.S. 

Exhibited by the Royal Meteorological Society. 

Bunten's Siphon Barometeri Paris. The tube is l centimetre in diameter ; 
the upper scale extends from 20 to 42 centimetres (graduated upwards) ; 
the lower scale from 80 to 40 centimetres (both scales are divided to 
millimetres). The verniers are moved by small pinions gearing into 
racks cut on the edge of slits in the tube. 

Exhibited by tJie Kew Committee. 

Siphon Barometer by T. Jones. The tube is about 0*3 in. in diameter. 
The upper scale is graduated from 24*3 ins. to 33*5 ins. and divided to 
'02 in. The lower scale is graduated from O'O in. to 9*3 ins. upwards. 
Tiie verniers are on tubes slipping over the outer case, fine motions 
being obtained by one part moving over the other. 

Exhibited by the Kew Committee. 

Siphon Barometer, bv Adie. The tube is 0*5 in. in diameter. There are 
double scales divided to 0*05 in., the upper reading from in. to 16'G ins. 
upwards, and the lower from in. to 15*5 ins. downwards. The verniers 
are moved by long racks, by means of milled heads and pinions in the 
centre. Exhibited by the Kew Committee. 

Wild's Siphon Barometer as used in Russia. This consists of two tubes, 

one closed at the top and the other short and open, corresponding to 
the short leg of the usual form of siphon. (Fig. 10.) 

Exhibited by the Meteouological Council. 

Mountain Barometer, by Dollond, with leather ba^ and reservoir, siphon 
cistern, with tap, for rendering it portable, with detachable thermo- 
meter. Exhibited by G. J. Symons, F.R.S. 

Bogen*8 BarometerSi Nos. l and 2. The long leg of the siphon is closed at 
one end, and is supplied with a glass stopper with a fine hole through it 
at the other. Wlien the tube is filled the stopper is inserted, and, the 
hole through the stopper being closed by the finger, the tube is inverted 
and a portion of the mercury allowed to flow away to produce a vacuum. 
The short leg is of the same diameter, and is formed with a semicircular 
bend at one end, which is ground to receive the open end of the long 
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METALLIC, AND OTHER FORMS OF BAROMETER. 



63. Bourdon's Recording Barometer. In this instrument the drum turning in 
eight days is supplied with a continuous band of paper, serving for six 
months or a year. Exhibited by Messrs. Richabd Frjebes. 

64. Bourdon's Metallic Barometer. 

Exhibited by Capt. E. H. Vernby, M.P., F.R.MetSoc. 

65. Cetti's Glycerine Barometer. ExMbiud by E. Cbtti. 

66. Jordan's Glycerine Barometer. The cistern and upper part of the tube only 

are shown, as the instrument when complete would be about 30 ft. in 
height. Exhibited by Messrs. W. Callaghan & Co. 

67. Stanley's Chrono-Barometer. The chrono-barometer is a clock that counts 

the oscillations of a pendulum formed by a suspended barometer. The 
upper chamber of the pendulum is a cylinder of an inch or more in 
diameter. By change of atmospheric pressure the mercury in the pen- 
dulum is displaced irom the bottom to the top, and vice versa. The 
rate of the clock is accelerated or retarded in proportion to the displace- 
ment of the mercury. {Quarterly Journal Met. Soc, Vol. III. p. 352.) 
(Fig. 20.) Exhibited by W. F. Stanley, F.R.Met.Soc 

68. Sympiesometer. by Adle of Edinburgh, 1830. 

Exhibited by R. J. Lbcky, F.ILMetSoc. 

69. Sympiesometer, by W. Harris & Co., London. 

ExIUbited by the Kew Committee. 

70. Sympiesometer. (Fig. 21.) Exhibited by Messrs. Negrbtti & Zambra. 

71. New Form of Sympiesometer. — in this instrument the reading is obtained 

b}^ merely bringing the two liquid columns into level (by taming the 
milled head at side), when the reading is at once shown by the arrow 
point, and the observation remains recorded. The observer has nothing 
whatever to do with any compensation for temperature. In the old form 
of Sympiesometer four operations were necessary in taking a reading : — 
Ist, to read the thermometer; 2nd, to set the sliding scale to corres- 
pond ; 3rd, to read the barometer scale ; and 4th, to record the obser- 
vation on the disc. In this instrument but one operation is necessary, 
and that of the simplest nature and self-recording. In the Sympieso- 
meter there are four scales, including the recorder. In this instrument, 
there is but one scale. A rise or fallis seen at a glance by the mercurj 
standing higher or lower than the liquid in the other tube. The com — ' 
pcnsation is effected by the fact that the air-bulb is so proportione&» 
that the rise and fall of the barometer and thermometer are exactl] 
equal for changes of temperature. Any difference of level betweei 
them, therefore, is due to a change in barometric pressure. 

Exhibited by L. P. Casella, F.RMet.So(» «:» 

72. Hicks's Flexible Barometer. (Fig. 22.) 

Exhibited by J. J. HiCKS, F.R.MetSo^=»< 

73. Lowne's Handy Weather Glass, indicating both pressure and temperatucB^.^BU' 

Exhibited by the Meteobological Counc^ ?rij 

74. Bonketti*s Thermo-Barometer. 

Exhibited by the ^rETEOROLOGlGAL COUNC: 

75. Differential Barometer. — This consists of a tube with line bore, at 
end of which is cemented a thin corrugated metal chamber, at the ot* 
end is a glass bulb. The metal chamber is filled with a coloured fli 
which is pressed upwards in the tube as the weight of the air increaa^ _^ 
the upper or glass bulb is hermetically sealed, and corrects the effect of 
temperature. There is an adjustment by which it may be set to ^g'MVe 
with a standard barometer. The instrument is portable in any po^/. 
tion. Exhibited byE.U. C. Wii^.v. 
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ANEROIDS. 



52. Skelekm Aneroidi showing the various working parts. (Fig. 150 

Exhtbiled by L. P. Gasblla, F.K.MetSoc. 

5S. Aneroid, with Altitude Scale. 

Exhibited by Messrs. Negbetti and Zahbba. 

54. Aneroid (Oompenaated) with enlarged altitude scale. 

ExhibiM by L. P. Casella, F.R.MetSoc. 



55. Kegretti and Zambra's Pocket Watch Aneroid;— This instrument, which 

is the size of an ordinary watch, indicates heights to 20,000 feet. (Fig. 
16.) ExhibUed by Messrs. Negretti and Zambra. 

56. Aneroid| by Dent. — A specimen of the aneroids supplied to B.M. ships 

premus to 1854. It has never been repaired. 

Exhibited by the Metbobological Council. 

57. Aneroid, by Negretti and Zambra, compensated. The pattern as supplied to 

H.M. ships. Exhibited by the Meteorological Council. 

5d. Stanley's Surveying Aneroid. — This is an ordinary aneroid with altitude 

scale. The index is read upon the same plane as the divided circle, by a 
line, which is placed upon a small aluminium plate at the end of the 
index hand. The instrument has a magnifier, carried by a ring so as 
to be brought over the index at any position. (Fig. 17.) 

Exhibited by W. F. Stanley, F.R.Met.Soc. 

59. Field's Bngineering Aneroid. — In this instrument the scale of altitudes is 

movable, but instead of being shifted at pleasure, according to the posi- 
tion of the index, it is moved into certain fixed positions according to 
the temperature of the air, so that the shifting of the scale answers the 
same purpose as if the original scale were altered to suit the various 
temperatures of the air. The outer movable scale is graduated in feet 
for altitudes, and the graduation is laid down by fixing the zero opposite 
31*0 ins. Tnis is the normal position of the scale, and it is correct for 
a temperature of 50^. For temperatures below 50° the zero of the 
scale IS moved below 31*0 ins.; and for temperatures above 50° it is 
moved above 31*0 ins. In order to insure the altitude scale not being 
shifted after it has once been set in its proper position there is a 
contrivance for locking it in the various positions. The dtitudes are in 
all cases determined by taking two reaaings, one at each station, and 
then subtracting the reading at the lower station from that of the upper. 
(Quarterly Journal Met. Soc. Vol. II. p. 10.) (Fig. 18.) 

Exhibited by L,F. Casella, F.R.Met8oc. 

60. Bichard's Self-recording Aneroid.— This instriunent consists of a series of 

eight vacuum boxes, by which the efiEects of the atmospheric pressure 
are increased and transmitted by a system of levers to an arm carrying 
a pen. This pen, of a special form, contains an Ink mixed with 
glycerine, and marks the curve of atmospheric pressure on the paper 
round the cylinder. The cylinder revolves once in seven days, so toat 
the paper contains a week*s record. (Fig. 19.) 

Exhibited by Messrs. RiCHARD FbIebes. 

61. Self "registering Aneroid* with max. and min. indexes. 

Exhibited by L. P. Casella, F.R.MetSoc. 

62. Barometer Dial 6 ft in diameter, the hand of which is kept in its true 

position by a single aneroid vacuum box. 

Exhaled by Messrs. Lund and Blockley. 
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DIAORAHS, PBOTOORAPHB, Ac 



Ba Drawiags of Tarioos forms of Old Barometerii including thoM of Torri- 

celli, Stnnnias, and Hayghens. ' 

Exhibited hy the Rotal Meteoroloqigal Society. 

B9. Barometer with oyeriUl. constmcted for Lavoisier. (Photograph.)^ 

BxhUrited 6y G. J. Syxonb, F.R.S. 

90. Kmeger's Compensated Barometer.— The upper part of the tabe ii 

enlarged to a retort» the yolnme of which corresj^onds to a length of one 
or two metres of the tube. A quantity of air is introduced into the tube, 
the pressure of which is equal to about 34*5 mm. mercury. The scale 
is divided with due regard to the offset of that denression. The aero 
having been adjusted by comparison with a standard barometer, the 
reading will immediately give the height reduced to normal tempentoe 
of mercury and scale, (rhotograph.; 

ExhMted by Q. J. Stmoxs, FJL8. 

91. Barometer of a New System of Oonstmotion, by W. GloukhoU^ St 

Petersburg. (Photograph.) Exhibited by Q. J. Stm0H8» FJELS. 

92. Ghristensen's Bleetrio Storm Signal Barometer. This ioairomeat is 

constructed in order to give notice of any rapid fall of the barometer. 
It is a siphon barometer, and as the mercury rises in the short Ic^ of 
the tube, it comes in contact with an adjustable metallic poinL ana by 
completing an electric circuit sets an electric bell ringing, (dpecinoation.) 

Exhibited by the Rotal METEOROLoaiCAL Society. 

93. Ohangeoz's Barograph. Description and sketch, 1781. 

Exhibited by the Royal Meteorological Society. 

94. Jordan's Photographic Barograph. The scale of the barometer is per- 

forated as usual to admit a portion of the tube, and the prepared paper 
is made to revolve as close as possible to the glass, in oraer to obtain a 
well-defined image. The cylinder is made to revolve on its axis once 
in forty-eight hours, and the paper is divided into fortjr-eight parts by 
vertical lines, which are fi^ed in correspondence with the hour at 
which they respectively amve at the barometer tube. {Biport of the 
Royal Cornwall Polytechnie Soeiefy, 1838.) (Sketch.) 

Exhibited fy the Royal Meteobolooical Society. 

95. Brooke's Photographic Barograph. The barometer is a large dphon tube, 

the bore of the upper and lower extremities being about 1*1 in. A. 
fflass float is partly supported by a counterpoise actins on a light lever, 
leaving a definite part of its weight to be supportecT by the mercury.^ 
The lever carries at its other end a vertical plate of opaque miea, bavin; 
a small aperture, whose distance from the fulcrum is about eight time 
that of the point of connection with the float, and whose vertical move 
ment is therefore about fom* times that of the ordinary barometric 
column. The light of a gas lamp, passing through the aperture an( 
falling on a cylindrical lens, forms a spot of light on the photogn^hii 
paper wri^pea round a cylinder placea vertically, and moved ronna it 
axis by a clock fixed with its face horizontal, (rhotograph.) 

Exhibited by G. J. Symons, F.R.S. 

96. Ronald's Photographic Barograph. Description and sketch of Ronald's 

photographic self-registering meteorological instruments. {Phtkmpkieel 
Traruactioni, 1847.) ExhibiUd by G. J. Symons, F.RJ. 

97. Kew Photogtaphio Barograph. (Sketch.) (See Report of ih§ Meieorth 

logi^ Zhnmittee to the Royal Society^ 1867.) 
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98. King^B BaiOgraplL*-The barometer tube is 3 ins. in internal diameter and, 

guided bj f notion wheels, floats freelj in a fixed cistern. The top of 
the tube is fastened to a chain, which passes over a grooved wheel tam- 
ing on finely adjusted friction rollers. The other end of the chain 
supports a frame, which carries the recording pencil. The frame is 
smtablj weighted and guided, and faces the cyluder around which is 
wn»ped the tracing paper, and which rotates once in twenty-four hours 
by Uie movement of a clock. The instrument is so arranged that for 
1 in. change in the mercurial column the pencil is moved over 5 ins. of 
the papen (Large Drawing.) 

Exhibited hy L. P. Casella, F.R.Met.Soc. 

99. Kreil^ BBTOffraph* — This instrument was employed at the Kew Observa- 

tory in lS46 for the purpose of registering automatically the height of 
the barometer. It consists of a siphon barometer, having a float resting 
upon the surface of the mercury in the open end of the tube. Im- 
mediately above the tube a lever is fixed horizontally, and a cord, 
wrapped round the sector on the short arm, passes down and is at- 
tached to the float. The other end of the lever carries an ordinary 
pencil, which, being struck every five minutes by a hammer moved by 
a clock, makes a dot upon a sheet of paper fixed to a frame drawn in 
firont or it by clockwork. (Photograph.) 

Exhibited by G. J. Symons, F.R.S. 

100. Tll6Qrell*B Heteorograph, — ^Account and Sketch of Theoreirs Printing 

Meteorograph. {Nova Acta Reg, Soe. Upeala. 1868.) 

Exhibited by G. J. Symons, F.R.S. 

101. SiiflBell*B Eleotrioal Barograph. — The barometer tube is fixed, but the 

cistern (which is a small one) floats in a vessel of mercury. The pen 
is attached to a rectangular vamework, which is drawn backwards and 
forwards once a minute in front of the paper. On electrical contact 
being made between a lever attached to the cistern and the side of a 
wire triangle attached to the pen frame, the pen is pressed against the 
paper, and thus the record is made. (Diagram.) 

Exhibited by the Royal METBOROLoaiOAL SOGIBTY. 

102. Van By8SeIbergIie*S Meteorograph. — ^This instrument engraves automatic- 

ally on metal the ordinates of the meteorographical curves, thus furnish- 
ing a plate graduated by the instrument itself, from which as many 
copies as required may be struck off. A single burin, put in motion 
bv an electro-magnet, engraves successively on one metallic plate the 
elements of all the curves. The indicating instruments may be at any 
distance firom the registering apparatus. (Sketch.) 

Exhibited by the Royal Mbteobological Society. 

103. Draper*S Barograph. — Iq this instrument the tube is 36 ins. in length, the 

upper portion being of larger diameter than the lower ; it is held firmly 
in a fixed position, and filled with mercury ; its lower open end dips 
into a reservoir containing the same metaL This reservoir is suspended 
on two spiral steel springs, and has freedom of motion up and down. 
When the pressure of the atmosphere diminishes, a portion of the 
mercury flows out of the tube into the reservoir ; this becoming heavier, 
stretches the steel springs, causing the ink pencil fastened to them to 
mark downwards. If the pressure increases, the reverse movement 
takes place. The ink pencil makes its mark on a ruled paper register, 
carriea at the rate of half an inch per hour from right to left by a clock. 
There is a third steel spring of the same leneth and strength as those 
on the reservoir, stretched by a weight to a distance equivalent to 30 ins. 
on the barometer scale. The oj^ect of this spring is to give the 
correction for temperature for those sustaininff the reservoir, ^ketch.) 

Exhibited by the Royal Mbteoboloqical Society. 

104. Baymond'S Aoutteur^B Barograph.— Illustration and description in La 

Naktre^ December 19th, 1885. Exhibited by $he Kbw Cojimittbb. 
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105. Boyal Soeiety Water Barometer. — ^DeBcription and iUosiration of the 

water barometer erected in the Hall of the Royal Society, Somerset 
House, 1830, by Prof. J. F. Daniell, P.R.S. {Pkilowphical Transae- 
tionsy 1832.) Exhibited by the Rotal Meteorological Societt. 

lOG. Bird*S Water Barometer. — ^Account and sketch of the water barometer 
constructed and erected by A. Bird of Birmingham. {Philotophieal 
Magazine, 1865.) Exhibited by G. J. Symons, F.B^. 

107. Eew standard Barometer. — Account of the construction of a standard 

barometer, and description of the apparatus and processes employed in 
the verification of barometers at the Kew Observatory, by J. Welsh. 
{Philosophical Transactions^ 1856.) Exhibited by the Kew (JOICMITTEE. 

108. Loeeby*S Hanry Barometer.^This instrument is much like an ordinary 

aneroid in appearance, and contains a vacuum box of similar construc- 
tion. The rise and fall of the box is measured by a tine micrometer 
screw, which is turned by the observer, either through an ajperture in 
the glass, or by a milled head in the pendant of the case. This micro- 
meter screw is placed immediately over a steel stud, which is attached 
to the centre oi the vacuum box, and projects above it. 1 between this 
stud and the end of the micrometer screw a pivoted drop-piece is placed, 
which falls the instant the screw is unturned sufficiently to remove tiie 
bearing points of the screw, stud, and drop-piece out of contact with 
each other. The drop-piece is pivoted by a screw into a frame attached 
to the top of the vacuum box, and is made to fall either by its own 
gravity or by a suitable spring, and an aperture is left in the dial to 
enable its fall to be seen. The divisions on the dial are continued 
round in a spiral. The hand, which is fixed to the micrometer screw, and 
turns round with it, extends across all the divisions ; and a small index 
dial, visible through an aperture in Uie large one, indicates to which spiral 
the hand is pointing. All three figures on the small dial are shown 
at once, to avoid the difficulty, whicti sometimes arises with a small 
opening, of having only the unintelligible parts of two figures visible. 
The figure nearest the middle is the one that should be read. (Illus- 
tration and Photograph.) 

Exhibited by the Rotal Meteobolooical SOCIETY. 

109. Bourdon's Counterpoised Barometer.— (Photograph.) 

Exhibited by G. J. SvMONS, F^S. 

110. Aneroid, on Weilenmann System, by Goldschmid, of Zurich. (Photograph.) 

Exhibited by G. J. Symons, P.R.S. 

111. Barogpram from Boyal Observatory, Oreenwichi for May I3th and uth, 

1883. Exhibited by the Astbonomer Royal. 

112. Barograms from the Eew and Falmouth Obsenratoriesy January 13th, 

1886, showing sudden oscillation during the passage of a squall. 

Exhibited by the METEOROLOGICAL CoUNaL. 

113. Curves frt)m a Richard BarograpH from March 12th, 1885, to March 15th, 

1886, mounted in album. Exhibited by F. C. Bayard, F.R.Met.Soc. 

114. Curves from a Richard Barogn^aphi showing instances of upward move of 

curve immediately before squalls and heavy rain at Bedford, May lith,^ 
1885, to February 8th, 1886. 

Exhibited by Lieut-Col. C. E. Brooke, F.RJdetSoc* 

115. Curve from Whitehonse's Micro-Barograph.— May 8th and October 1st. 

1871. (See Proceedings of the Royal Society, Vol. XIX. p. 491.) 

Exhibited by the METEOROLOGICAL CoUNCll 

llG. Primrose's Electric Meteorological Scale Reader. . This is an 

ment to transmit by one wire, continuously or at intervals as desireL^^ \I, 
readings of a distant instrument. It is intended to register from moi 
tain tops or captive balloons. (Diagram.) 

iixhibitedby Qf.KPBiUMO&^ 




EXHIBITION OF BABOMBTEBS. 211 

117. Latham's Earth "HjglOWdt&t, — Thib records tiie hygrometric condition of 
ground as compared with the air. It consists of three perforated 
cylinders, each filled with earth, one heing immediately below the surface 
of the ground, the second one foot below it, and the third suspended 
in the air. Each of the earth cylinders is suspended from the end of a 
lever. On the opposite side of each lever there is a counterweight. 
Each cylinder acts independentlv, and records its observations upon a 
cylinder driven by clockwork. There is also an index upon each machine 
which shows at a glance the percentage of moisture which the earth in 
the cylinders contains. (Drawing.) 

Exhibited by BALDWIN Latham, F.R.Met.Soc. 

118. Kve years' Graphic Record of Sunshine, 1881-S, taken with Stokes' 

zodiacal sunshine recorder, at Mr. Dymond's Observatory, Aspley Guise, 
Bedfordshire, showing the comparative monthly duration of sunshine 
year by year. Exhibited by R. J. Lecky, F.R.Met.Soc. 

119. The Ohromatics of the Sky. — Coloured drawings of clouds and other 

atmospheric phenomena taken from nature, 1885-1886, with the object 
of assisting in making weather forecasts. (Fourth series.) 

Exhibited by J. S. Dyason, F.R.MeiSoc. 

120. Photograph of a Sun Spot and adjacent portion of the solar surface, taken 

by Mons. Janssen, at the Meudon Observatory, June 22nd, 1885. 

Exhibited by R. H. ScoTT, F.R.S. 

WILLIAM ELLIS, F.R.A.S., President, 

G. J. SYMONS, F.R.S. \ a^^ , . 
JOHN W. TRIPE, M.D. J '^««'«'«««*- 

WILLIAM MARRIOTT, Assistant Secretary, 



PROCEEDINGS AT THE MEETINGS OF THE SOCIETY. 

March 17th, 1886. 

Ordinary Meeting. 

William Ellis, F.R.A.S., President, in the Chair. 

William Dering Addison, Riga, Russia ; 

Arthur Willlam Clayden, M.A., F.G.S., Bath College, Bath ; 

Thomas Barrington Moody, Navigating-Lieut. R.N., Waverley, Westcombe 

Park, Blackheath, S.E. ; and 
Dr. William Schlich, Inspector-General of Forests to the Government of 

India, Cooper^ Hill College, Staines ; 
were balloted jror and duly elected Fellows of the Society. 

The following Paper was read, viz. :— 

" Brief Historical Account op the Barometer.'' By William Ellis, 
FJLA.S.. President, (p. 131.) 

On the motion of Mr. Eaton, seconded by Mr. Laughton, the thanks of the 
Society were given to the President for his Paper. 

On the motion of Dr. Marcet. seconded by Mr. Chatterton, the thanks of 
the Society were given to the Exhibitors for the loan of their Instruments. 

The Meeting was then adjourned in order to afford the Fellows an opportunity 
of examining the Exhibition of Barometers which was held in the Library of the 
Institution of Civil Engineers. The List of Exhibits will be found on p. 200. 

new series. — ^voL. xn. v 
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HuMtudKas At HZBinnM. 
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Ordinuy Meeting. 

WiLLUK Ellu, F.ILA.8., Preaidant, in the Chair. 

Lawkemcb Joseph Petre, Captfold Hmll, Inntestone, Eisex ; m 
Gboboe Baynbs WETBERU.L, The Aacnbas, St. Q«oTge'a Square, 
were balloted for and dolj elected Fellows of the Society. 

The ToUowing Pipen were read ;— 

"Note om the Pbobability ofWeathek Sequekcg." By) 
C. K. Brooke, F.R.HoL9oo. (p. 172.) 

" AcoouNT OF THE Ctclome OF JoNB 3rd, 1886, IN THE Ababia: 
Capt. HanRiCE T. Moss. (p. 171.) 

" RsnrLTa OF Solar Radiation Omertations in the neighbi 
BtRHiNGHAK, 1876-1881." Br Bitpert T. Smith, F.B.Met.Soc., 
(p. 180.) 

" The Cuuate op Kilubnbt." fij the Vbn. Arcbdkacoh W 
F.R.Met.Soc. (p. 193.) 

" Results op Metborolooical Observations hade in Sei.aii 
States, 1879-188*." Bj A. W. Sinclair, L.B.C.P. (p. 197.) 



CORRESPONDENCE AND NOTES. 

Meteorology of the Straits Settlembntsi. 

Dr. T. I. RowELL, in his Meteorolopcal Report for the year 181 
rceult» of tlie observBtioiis taken at Singapore, I'enang, Province V 
Malacca. Tlicue, together with the rcsnlta from Singajiore from 
fumisl) valuable and interesting data fur the Straits I?cttlcmeiitii. 
The following are tlie mean results for 1885 : — 
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The total uiimbur of rainfall !ltatil>n^! in the Straits is twent 
following arc the totals for the year 1885 from sucli 'ititiuns n^ fur 
returns : — 
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The following are the mean results from ffingi^Mre, 1870^86 :- 
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Hr. H. T. Boris, FJLMetSoc, of Sarawak, has forwarded the following daU 
or Kntching, which he has copied from Papers and Becorda kept hy the Santwuk 
>easarer. 
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00BSB8P0MDBNGE AKD NOTES. 



BinarALL at EurcBiNa 1876-1879. 




Year '5973? I93?is8'2i I199 i77'48 .. i88->8 151 

1 In January 1876 the rainfidl is only for the 16 days 16th to 90th. 

In February 1876 15*20 ins., and in January 1878 9-12 ins. of rain fell on 
day. 
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The Tornado in Madrid on Mat 12th, 1886. Communicated by W. ^' 
Stanley, F.R.Met.Soc., F.G.S. 

On the evening of May 12th a most violent and destructive tornado swept o^^^' 
Madrid, causing great loss of life and destruction of property. The folnoin^^^ 
account has been compiled chiefly from a Paper by Mons. A. F. Noga^ in 
Nature of June bth. 

From the evening of the 10th to the 12th the sky of Madrid was covefed wi 
a slight kind of fo^ or transparent cloud of a reddish colour, through which 
stars shone. On the horizon there was a band of cloud of a sombre tint, 
temperature was hot, even to suffocation. At last a very remarkable phenomen c^^^ 
was observed by many nersons. Through the fog, at an altitude of about 3,0C^^ 
feet, an immense spiral was seen, illuminated by the sun, formed by a mass c:^^ 
air in motion drawing cloud particles into its vortex. 

At the commencement of the storm the clouds drifted from the South 
South-west ; the vane, however, which at first indicated South-east, turned 
North-north-east ; and during a great part of the storm it stood at due No 
The lower currents were therefore evidently moving in a contrary direction 
the upper currents. During the afternoon the sky assumed a stormy appearanc 
and at 6.25 p.m. a thunderstorm occurred accompanied with torrential rain a 
hail. At 6.50 p.m. the wind backed to North-west and then to West, and a lit 
before 7 p.m. to South-west. The wind increased in force in proportion to t 
rapidity of the change in direction, and culminated in a whirlwind whidi attaine 
its greatest intensity between 7.1 and 7.6 p.m., during which time its violenc 
surpassed anything that had ever occurred before in Madrid. In this sho 
space of time the destruction of property was immense. 

The barometer, which had fallen from 29*64 ins. at 1 p.m. to 29*35 ins. at 6 pjn 
oscillated in a violent manner. In two instances the sudden depressions wer^^ 
almost instantaneous. At 6.30 p.m. a torrential rain deluged the streets, whic^ 
with the lightning, thunder and hail, rendered the scene frightful. BuUding 
were thrown down or destroyed, the public lamps were broken 0^ trees were 
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»ni up and shattered, and laree and heavy objects were transported to great 
[stances by the violence of uie wind. lUilway carriages, tram cars, and large 
lole carts were upset, and people knocked down in the streets. 

The storm was repeated with less violence at 8 and 11 p.m. From an exami- 
fttion of the ruins, the direction of the tornado could be easily traced. The 
oint of greatest intensity was between the Atocha gate and Uie Ketiro Gardens, 
)r in this space the Botanical Garden has almost entirely disappeared, whereas 
I the Rue ae Tragineros but few trees were uprooted. The destructive effect of 
le tornado appeared to cease at the Cyb^le fountain. 

The damage was very great, twenl^-four persons were killed, seventy-eight 
iriously, and 104 slightly injured. About fifty -four houses were destroyed, and 
,000 trees and 600 lamps thrown down. 



Hx Meteoboloot of the Sun and its System, By Professor K. W. Zengeb. 
Memoir of 281 pp. 4to., with 5 Cuts and 4 Plates. Brief Notice pre- 
pared at the request of the President and Council of the Royal Meteo- 
rological Society, by G. M. Whipple, B.Sc, F.R.Met.Soc. 



author fitted an apparatus to a With-Browning reflector telescope, which 
labled him to take pictures of the sun. He soon found that, in spite of 
I his precautions, certain white objects appeared on his plate surrounding 
le sun's disc. These he at first attributed to photographic irradiation. 
hifl cause, however, would produce a concentric ring round the disc, an 
ppearance which these objects never possessed. 

The white rings were often decidedly elliptic in form, or appeared projected 
s streaks out from the periphery of the sun's image. The more the mirror 
pertnre was reduced the more ill-defined and misty the margins of these 
[ngs became. Their colour varied from a greyish-white to snow-white. 
^of. Zenger thought they might perhaps be the most luminous parts of the 
hromosphere and solar corona, showing themselves as whitish rings in spite 
f the under-exposure of the plates in the order of their relative luminous 
utensity. 

With the view of proving that these appearances were not due to instru- 
oental defects, Prof. Zenger employed various systems of lenses and apparatus. 
le found eventually that a system of Steinheil's lenses gave not only sharper 
dctores of the rings, but also afforded a mass of detail in them, in which 
night be recognised spiral forms of various gradations of tint from grey to 
iazzling white. These observations were first made during an exceptionally 
evere storm on March 5th, 1875, when the elliptical rings appeared of a 
»rilliant white colour, although the sky was at the time perfectly clear and 
mt a single little cloud moved rapidly across it. 

These appearances were again observed the same day, the rings being 
limilarly shaped, although a different apparatus was employed. There seemed 
hen no doubt that these circular or elliptical white rings were not to be 
kttributed to xmder-exposure of faintly luminous parts of the solar sur- 
roundings, the chromosphere or the corona, but resulted from the powerful 
kbsorption of actinic rays in the vicinity of the sun's image. These expanded 
rhite rings, which often extended to five times the diameter of the solar 
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image, were termed by the author '* absorption zones,** and were considered 
by him to have their origin in the immediate neighbourhood of the son. 

With a view of rendering the collodion he employed in the photography 
equally sensitive to actinic and non-actinic rays, to the yellow and red of the 
chromosphere and the yellow-green rays of the corona, the author employed 
chlorophyll in his emulsion, which was prepared by Cooper's process. 

Having given in detail the methods of preparing, exposing and developing 
his plates, Prof. Zenger goes on to state that he always takes five son pieinres 
every day on one plate— one central, the others one in each comer. In this 
manner he considers he proves that the white spots are not solar phenomena, 
and arrives at the following conclusions : — 

1. That pictures taken only at intervals of one minute show ohanges in 
the figure and position of the absorption zones, although there is a eorree- 
ponding maintenance of their general forms. 

2. After the fifth exposure, or even if an interval of five minutes is allowed 
to lapse between them, these appearances often become entirely modified in 
form, e,g, instead of circular or elliptic they become streaked or even reversed, 
at other times they partially or entirely disappear. 

8. These absorption zones often extend to the margin of, or even over, the 
sun's disc itself, so that instead of it coming out wholly or partially black in 
the picture, it looks grey or whitish-grey. 

Prof. Zenger has also discovered that the maximum of evolution of these 
absorption phenomena has a period throughout the whole year of firom 10 
to 18 days, and they are strongest when violent storms, thunderstorms or 
magnetic disturbances prevail on the earth, frequently being observed 24 or 
more hours before the disturbance of the atmospheric, electrical or magnetic 
equilibrium of the place of observation takes place. 

The author states that the observations, which have now been made daily 
since 1874, indicate not only a definite periodicity in the appearances of absorp- 
tion images in the sun's pictures, but the existence of a relation between 
weather phenomena and certain appearances which are invisible both to ^^^ 
the naked as well as to the assisted eye. By the absorption of Uie act ink n^ 
active rays previously present in the one atmosphere or external to it, the 
prepared plate renders them visible, although previously neither telesco] 
nor spectroscope afibrded any indications of their presence. Whether or not 
these appearances have their seat in the earth's atmosphere, or in 
between the sun and the earth, can only be decided when experiments 
made simultaneously and regularly at places so far distant from each othexr 
that the effect of parallax will be visible and measurable. Should the latter 
be the case their origin must be sought in the earth's atmosphere or id 
space immediately adjacent to it. If otherwise, there must be some source 
of solar influence hitherto xmobserved. The author goes on to state thftt 
the aim of his little work is, therefore, to call the attention of meteorologists 
and physicists to these remarkable appearances and their explanation, and to 
show how by the simplicity of the photographic operations amateurs mif^t 
easily prove by means of heliophotography both the periodical appearance of 




OOBBESPOMDENGE AND MOTES. 217 

these absorption phenomena as well as their connection with great disturb- 
ances of the earth's atmosphere. 

The Section I. of the paper is entitled On the Results of HeHophoto- 
graphic Observations, 1874-1884, and gives a general review of the various 
phenomena Prof. Zenger has observed, and offers numerous suggestions as 
to the possible causes giving rise to them. 

In Section IE. of his work the author discusses (a) the periodicity of solar 
outbreaks and their influence on the planets ; and (b) the solar activity, with 
its corresponding magnetic disturbances and aurora during 1882, compared 
with the evidence afforded by solar photography. 

Section IQ. treats of the periodicity of great barometric depressions 
(cyclones, typhoons and storms), leading up to the following conclusions, viz. 
That (1.) aU great terrestrial storms have their origin in the sun. (2.) The 
electrical discharges from the solar body into interplanetary space are the 
originating cause of the formation of cyclonic motion in the same ; and (8.) 
These discharges, proceeding more particularly from the equatorial regions 
of the sun, eventuaUy influence the planets, if their dimensions are suffi- 
ciently great, and therefore all the planets are affected in a similar manner to 
the earth by them. 

In Section lY. Prof. Zenger traces the connection between solar distur- 
bance phenomena, and seismological and volcanic effects, whilst in Section Y. 
the dependence of meteoric and star showers upon the rotation period of the 
sun is demonstrated. 

In Section YI. he treats of the meteorology of the earth and its connection 
with the Sim's rotation and the passage of meteorites through space in its 
immediate vicinity, winding up with a strong appeal for the establishment of 
numerous inexpensive helio-photographic observatories. 

Section YII. is entitled, The Meteorology of the Planetary System in general. 
Section Vlil. The Meteorology of the Sun's SurfiEice and the endogenous 
Disturbances of the Sun. 

In Section IX. Prof. Zenger discusses the relation between the rotation of 
the sun and the general movement in the solar system ; whilst finally, in 
Section X., he investigates the relation of disturbances in the sun to the dis- 
turbances of the electric and magnetic equilibrium of the earth and of the 
force of gravity, concluding his interesting work of 281 pp. with these words : 
— *' Let me briefly state as a resume of all the foregoing the following con- 
elusions, all meteorological phenomena, all endogenous disturbances, in ad- 
dition to the movements of the solar system, the phenomenon of universal 
gravitation, and all manifestations of electrical and magnetic forces, are to be 
referred back to one single source of power, which has its seat not only in the 
sun but also in the most minute particle of our own enormous solar system 
and the other innumerable solar systems which exist. Its energy acts ac- 
cording to the same universal fundamental law, whose action is evidenced in 
the various forms of electric and magnetic force from which all the remaining 
forms may be easily derived, whether they be sound, light, heat, or the actiou 
of gravity." 



218 



OOSBBgPONDSNOB AHD ROTES. 



[Note. — A close erainination of tho Eew Solar Photographs, taken ahaosi 
daily for more than ton years, has not revealed the presence injanj of them of 
tho appearances described by Prof. Zenger. Halo-like forms, due to irradia- 
tion or halation, have been easily produced as an experiment, by over-exposing 
a prepared plate, even when the luminous source was but a candle. These 
are due to the glass plate supporting the sensitive surface ; and it has been 
suggested to Prof. Zenger that he should employ paper or films in his future 
experiments in order to avoid this source of uncertainty in his results. 

G.M.W.] 



RECENT PUBLICATIONS. 

American] Journal of Science, Vol. XXX., December 1885. 8vo. 

Contains : — The condensing Hygrometer and the Psychrometer, by BL A. 
Hazen (17 pp.). The author says : — ** It would seem that, if a nearly uniform 
law can be established between the indications of these two instruments, under 
all conditions of temperature, dryness, motion and other conditions of the air, 
certainly we can depend upon the indications of each by itself at all times. It 
is the object of this paper to indicate a practical method of using theae instni- 
ments, to contribute towards the establishment of a law controlling tiiem, and to 
show what accuracy may be attained by either of them.'* 

American Meteorological Journal. A Monthly Review of Meteorology, 
Medical Climatology, and Geography. Apnl-June 1886. Vol. 11. 
No. 12,— Vol. m. No. 8. Bvo. 
The original articles are : — ^The Mountain Meteorological Stations of Europe. . 





conclusively shown that cases of abnormal temperature on mountain tops and 
lower stations in anticyclones can be explained by the theoiy brought forward Ik 
Dr. Hann, that the abnormality is due to an excess of the cooling by radiatic 
over the warming by insolation and the compression in a slowly descending ma 
of air.—" Three Ice-Storms," by P. V. Pike (7 pp.).— Poreign Studies of Thund 
storms, by W. M. Davis (18 pp.). — Rain-Uauge Investigations, by E. 
Weston (3 pp.). — Thermometer Exposure, by H. A. Hazen (10 pp.). 





Analele Institutului Meteorologic al Bomaniei de Stefan G. 
Directoral. 1885. Tom. 1. 4to. 1886. cxxxvra. + 867 pp. 

This is the first Vol. of the Analele of the Roumanian Meteorological Instito. 
which was established in July 1883. The present Vol. is divided into tha_ 
parts : — 1. Annual report on the proceedings of the Institute ; 2. Descriptim 
and instructions for the use of meteorological instruments, with iiimir~"^ 
engravings ; and 3. Meteorological observations made at Bucharest in 1885. 

Annali dell* Ufficio Centrale di Meteorologia Italiana. Serie 
Vol. V. Parts I.-IH., 1888. 4to. 1885. 

Part I. consists of 937 pp., and contains papers on meteorological and m^*^' 
netical subjects, among which may be mentioned: — Appendice alia MemoJ**^ 
' Sulla Distribuzione della Pioggia in Italia,* per Prof. E. Millosevich (134 pp-^-T* 
Sulla ipsometria barometrica, per Dr. A. Lugli (24 pp.).— Sulla variazione medl^ 
della tensione del vapore acqueo atmosferico in Italia, secondo, la lalHudiii^ ^ 
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pUtes). 

Part XL (735 pp.) contains the results of observations made at 125 stations in 
Italy daring the year 1883. 

Part III. ^7 pp.) in addition to other papers contains the following: — 
Meteorologia Bolare, per P. Tacchini (58 pp. ana 2 plates). — Distribuzione della 
temperatora e pioggia per decadi nel 1883 (9 pp.). 

.AmoTAiBE DE LA Sooi^Ti: M^TioBOLOGiQUE DE Fbanoe. d4me Ann^e. 1886. 
February-April. 4to. 

The principal papers are : — Experiences relatives aux conrants ascendants et 
descendants de Vatmosph^re, par M. Garrigou-Lagrange (3 pp.). — ^Nouveau 
Isaromdtre enregistrear a mercure, par A. Redier (3 pp.). — Hauteurs de pluie 
d Venddme en 35 ans, 1851-1885. — Le cyclone du 3 juin 1885 ^ Aden et la perte 
^a '* Renard," par M. Millot (5 pp.). This is an account of the same storm 
■^LS is described by Capt. M. T. Moss on page 174 of the present No. of the 
- Quarterly Joumatr—QvLT les tornades, par M. Bellamy (3 pp.). — Observatoire du 
l^ic du Midi, M. C. X. Vaussemat (16 pp. and 6 plates). 

^U8 DEM Ascmv DEB Deutsohen Seewabte. YII. Jahrgang, 1884. 4to. 

1886. 

In addition to the report on the work of the Deutsche Seewarte for the year 
1884, and other papers, this contains a description of the central station at 
'Samborg, by Dr. Neumayer, which is illustrated by 29 plates and several wood- 
<^nt8. 

JBOLETIN DE LA AOADEMIA NaGIONAL DE ClENGIAS EN CoRDOBA (Ropublica 

Argentina), December 1885. Tomo Ym. Entr. 2-8. 8vo. 

Contains : — Observaciones Meteorol6gicas practicadas en C6rdoba durante el 
afio 1884 por Oscar Doering (88 pp.). The author gives the daily observations 
in exteMOj which are made at 7 a.m., 2 p.m., and 9 p.m. The following are some 
of the principal results for the year : — Temperature : Mean 62°*3 ; Mean Max. 
75*^9 ; Mean Min. 47*»-5 ; Max. 103°-3 on January 18th ; Minimum 18°-7 on 
Jane 22nd ; Relative Humidity 65*9 per cent. ; Rainfall 26'86 ins. 

Handbuoh deb ausubenden Wittebunos-Eunde, Gesohighte und oegen- 

WABTIOEB ZUSTAND DEB WeTTEBPBOGNOSE, VOD Dr. W. J. VAN BeBBBB. 

Zwei Theile. 1 Tbeil. Geschiohte der Wetterprognose. 1886. 8vo. 
892 pp. 

This work, which is only the first portion of the task Dr. van Bebber has laid 
out for himself to fulfil, is a fairly exhaustive treatise on all the efforts which 
have been made from the earliest periods to discover the agencies which produce 
weather, and to endeavour to foretell its course. The author discusses at great 
length the question of lunar influence, atmospheric tides, &c. ; and concludes 
with a summary statement to the effect that those who profess to use the moon 
and its changes in forecasting are no better than astro-meteorologists. He 
admits, however, that for many years to come the public will hold to the moon 
as the great weather ruler. The sunspot theory is also treated very fully, and 
the author states that he believes that the existence of solar influence cannot be 
denied, but inasmuch as there are so many disturbing agencies, it is not possible 
to base predictions on it. The latter part of the book (100 pages) is taken up 
with the development of modem meteorology. 

L'Inounaison des Vents. Un An^momStre pour observer cette Inclinaison. 
Aveo nn Appendice sur les Conrants verticanx dans les Cyclones. 
Denxidme Note. Par Le B. P. Mabo Desohevbens, J.P., Directenr de 
rObservatoire de Zi-Ea-Wei, prds Chang-Hai, Chine. 4to. 1886. 48 pp. 

M. Dechevrens brought out his Anemometer for recording the Inclination of 
the Wind in 1881. It was affected by the rain, snow, &c., and consequently did not 
work satisfactorihr. The author attempted to obviate these inconveniences, and 
.devised a better form of instrument, which he calls the " Clino- Anemometer." 

NSW 8EBIE8. — VOL. Zn. Q 
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Les Obages en Bussie. Par Prof. A. Elosbotbkt. 8vo. 1886. 

The author rejects Mohn*s classification of thonderstonns into " heat ^ 
and " cyclonic*' storms, and sajrs that all of them are cyclonic, but arise unde 
certain conditions of heat, humidity and pressure. In Kussia all the thunder-- 
storms have a tendency to appear in the south-east quadrant of the cyclone, th' 
tendency being most marked in the spring and autumn, while in aammer th< 
may appear in all quadrants. They never occur with very high or very loi 
barometers, but are most common between 755 mm. and 760 mm., and for- 
Southern Russia they are much more frequent with depressions coming from 
Mediterranean Sea or formed locally, than with those from the Atlantic Thi 
conditions which the author considers to determine the existence of a thonderaK:. 
storm, in addition to the presence of a depression, are a high temperature an» 
an absence of fog or mist. 

Lightning Conduotobs : Theib History, Nature, and Mode of Arrrrnnn -m 
TioN. By RiGHABD Andebson, F.C.S. Third Edition. 1885. Src^^vo. 
XV. + 470 pp. 

This contains, not only a history of the various methods that have been nsey^ssd, 
but also a practical exposition of the systems employed by the best authorities i^ in 
various countries. 

Meteobologischb Zeitsohbift. Heraosgegeben von der oesterreichiBchu < mm 
Gesellschaft fiir Meteorologie and der dentschen meteorologisc he ^^^en 
Gesellschaffc. Eedigirt von Dr. J. Hann and Dr. W. Koppen. Vol. IIP ^* 
1886. April- Jane. 4to. 
Contains : — Das Klima von Batavia, von J. Liznar (9 pp.). This is a notice ^ <>f 
Dr. van der Stok's Observations made at Batavia^ Vol. VI., which contains « 

summary of all the observations made during the seventeen years 1866-82. Hei^^^'r 
Liznar is of opinion that for a tropical station ten years are quite sufficient i ^^' ^ 
give really trustworthy means. — Einige Umformungen der Formel itir barc:^^^>" 
metrische Hohenmessuugen zur Verwendung bei deduction von Baromete^^^* 
standen, von Dr. P. Schreiber (5 pp.). — Die Untersuchungen von Dr. J. v 
Bebber uber typischo Wittenings-Erscheinungen, von Dr. W. Koppen (14 pp.1 
This is a notice which anticipates the second volume of Dr. van Bobber's boo!^ 
which will be published in the course of a month or so. — Ueber Langley^ "'* 
Untersuchungen der Sonnenstrahlung, von Dr. J. M. Pernter (15 pp.). This is a ^" 
abstract of Prof. Langley's paper on the Mount Whitney results, published as • 

Professional Paper of the Signal Office in 1884. Prof. Langley, finding all actincr:::::^^ 
meters unsatisfactory, invented a special apparatus termed a '* Bolometer," whic ^=^5 
is described in the Proceedings of the American Academy y Vol. XVI. Arme 
with this instrument he went to Mount Whitney, a station possessing 
following qualifications : — 1. a clear atmosphere ; 2. a great altitude ; 3. gre 
steepness ; 4. a low latitude ; and 5. a dry climate. He had two stations, Loi 
Pine at the base and Mountain Carap at the summit, at the height of 11,625 fee? 
the difference of level between the stations was 7,864 ft. The cost of the expeditio 
was mainly borne by a gentleman of Pittsburg who declines to allow his name " 
be published. As to the results, Prof. Langley says that if there were no 
sphere the sun would be blue. This conclusion he bases on the fact that 
atmosphere exerts a selective absoq^tion on the sun's rays, the most refirangib 
rays being the most absorbed. In this connection Langley states that no he 
wave of such a length as could be emitted from the earth could ever p 
through the atmosphere, accordingly all the dark heat rays emanating from 
earth are absorbed by the atmosphere. The nearer the eartli the air strata 
the less transparent are they for solar rays. Accordingly it cannot be assume 
that the atmosphere acts as a homogeneous body for the absorption of 
individual rays. Finally, it appears that actinometer observations throw no lig 
on the subject of radiation, and that even with the bolometer results are far fro. ^ 
conclusive, as we are ignorant of the law according to which the co-efficient cc::^^' 
transmission increases with the height. Temperaturleitung und Strahlunff dc^^^^ 
ruhenden Atmosphiire, von Dr. J. Maurer (6 pp.). — Fahrt des Militar-Bulou^^ ^ 
Barbara am 10 December 1885, von Major P. H. Buchholtz ^2 pp. and plate).— — 
Gewitterperioden in Wien, von Dr. J. Hann (12 pp.). — Einiges uber Grewitteicr^ 
erscheinungen im Riesengebirge, insbesondere auf der Schneekoppe, von ~ ^ 
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Dr. £. Reimann (8 pp.). — ^Von der Moglichkeit Aber die Temperatar-verhaltnisse 
kommender Jahre una Jahreszeiten sich im Vorans eine Memung zn bilden, von 
A. MageUsen (6 pp. and plate). 

Bbvus mabitihe et oolonulb. April 1886. 8yo. 

Contains: — ^L'Ooragan de Join 1885, dans le GK>lfe d'Aden, par le Vice-Amiral 
Q. Clon6 (68 pp. and chart). This is an account of the same cyclone as is 
described by Capt. M. T. Moss on page 174 of the present No. of the Quarterly 
Journal, and hj M. Millot in the Annuaire de la SocUu JdStiorotogique. 

BOTAL COBNWALL POLTTEOHNIO S00IET7. The FiFTT-ThIBD AnNUAL BePOBT^ 

1885. 8yo. 1886. 

This contains a full account (13 pp.) of the action taken by the Society for 
the erection of the new Fidmonth Observatory. The foundation stone was laid 
by the Earl of Mount Edgcumbe, on August 12th, 1884 ; and the building waa 
completed and the instruments put in position on May 9th, 1885. — Mr. W. L. 
Fox also contributes a set of *' Tables of Sea Temperature, Bright Sunshine and 
Climate at Falmouth for the year 1885, and Notes, with other Meteorological 
Tables for West Cornwall ana the Scilly Islands '' (12 pp. and diagram). 

BoomsH Geogbaphical Magazine, 1886« 8yo. 

This contains a Paper by Mr. W. B. Tripp on South Africa : its Physical 
Configuration and Ramfall; with notes on its Geology, Diamond and Coal 
Fields, and Forests, and two maps, showing contours and mean annual rainfall 
(6 pp.). 

SiTZUNOSBEBIOHTE DEB KONIGL. BoHMISOHEN GeSELLSOHAFT DEB WiSSEN* 

BCHAFTEN IN Pbag. 1886. 8yo. 

Contains : — Ueber die jahrliche Periode der Richtung des Windes, yon Prof. 
Dr. F. Augustin (22 pp. and plate). The author has inyestigated the data from 
% yery large number of stations, and finds that as regards the annual rotation of 
'he wind in both hemispheres the north and east coasts exhibit a right-handed, 
ind th^ south and west coasts exhibit a left-handed rotation. The influence of 
iie i^parent path of the sun is shown by the fact that when its declination is 
lortherly the wind moyes against watch-hands, and when it is southerly it 
noves with watch-hands. 

SocibtA Meteoeologica Italiana. Bollettino Mbnsuale pabblicato per 
cnra dell' Osseryatorio Centrale del Real Collegio Carlo Alberto in 
MoNOALiEBi. Serie IE., Vol. YI. Nos. 1-8. Jan.-March 1886. 4to. 
Among other information this contains the following papers : — La Meteorologia 




E^oggia di sabbia del 15 Ottobre 1885, del P. F. Denza (8 pp.). 

Stmons's Monthly Meteoeologioal Magazine. April- June 1886. Yoh 
XXI. Nos. 248-245. 8yo. 

Contains among other informatioiK articles on the following subjects:- 'The 
CJold and the Snow Storm (4 pp,) . — M.eteorological and Astronomical Recurrine 
Periods, by G. D. Brumham (2 pp.). — Earth Temperature and Weather in South 
Aostraha, by C. L, Wragge (1 p.).— Swedish Weather Proverbs (3 pp.). — 
Periodical Recurrence of Warm Summers, by G. T. Gwilliam and G. D. Bnunham 
[2 pp.).— Barometric Wells (1 p.).— The May Floods of 1886 (3 pp.).— Flood 
Leyels (2 pp.). — Great Rainfall (2 pp.) . 

rHE Nattjbalist's Diabt. a Day-Book of Meteorology, Phenology and 

Bttral Biology. Arranged and edited by Chables Bobebts, F.B.C.S. 

8yo. 1886. XLyn. + 865 pp. and map. 

This Diary is intended to be used as a work of reference on many questions 

relatiye to climate, natural history, and rural economy ; and as a journal in which 

to record facts and obseryations of a similar kind. To meteorologists, medical 

men, and others interested in sanitary questions and health resorts, it will serye as 

A standard of the climate and yegetation of the British Isles with which to com- 

Sare local yariations. It contains a chart showine the blossoming of spring 
owers in Europe, and an Introduction on Natural reriodic Phenomena, &c. 
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Chb Sevebe Weather of the Winter of 1885-6. By Charles Harding, 
F.R.Met.Soo. (Plate IV.) 

[Read May 19th, 1886.] 

Qk attempting to write a history of the past winter, considerable difficulty is 
experienced in limiting the period to be dealt with ; and in the hope of rendering 
'Ids paper as complete as possible the whole six months, from October 1885 
;o March 1886, have been considered in a general way, whilst the three 
iXLonths from January to March 1886 have been treated more in detail, as 
i^nibracing the period during which the weather was most severe and in 
^kich both frost and snow were exceptionally prevalent. 

Abnormally cold weather was experienced in the latter part of the summer 
flvkich immediately preceded the period here especially dealt with, and as 
^orlj as in August some days were quite autumnal, whilst the weather for 
;he month was conspicuous for the entire absence of high summer tempera- 
«ares. 

September was also cold, and at the commouccmcnt of the month the dry 
sv'eaiher, which had been so marked a characteristic of the summer, gave way 
A^ a period of heavy raios, weather of a very unsettled character having set 
ji. It was not, however, until after the sun had crossed the Line that cold 
weather of a really exceptional character was experienced. It is very unusual 
Tor tlie shade temperature to fall below the freezing-point in any part of 
Lhc Kingdom so early as September, but during Uie week ending the 28th 
Lower temperatures were common over the whole of the British Islands, and 
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in the South-west of England the thermometor in the shade fell to 25^. At 
Greenwich Observatory the shade temperature fell to 80^-6 on the 27th, whilst 
on the grass, open to the sky, the thermometer registered 22° : the obsenrations 
for September at Greenwich from 1841 do not show any previous shade 

m 

temperature so low. The mean temperature for the 27th was 40°-5, which 
is 14^*1 in defect of the average ; this is a lower value than any recorded in 
the Greenwich observations since 1814. This cold spell was accompanied bj 
slight snow showers in piany parts of England, and snow fell in London on 
September 26th ; the earliest date shown by previous records at which snow 
has fallen in London was October 7th, 1829. 

October was cold and cheerless, and the sensation was that we had be^ 
suddenly plunged into mid-w inter ; the cold continued throughout the month, 
and was uniform over the whole country. In London there were but three 
days, the 16th, 26th, and 27th, on which the temperature was in excess of the 
average, and the thermometer did not reach a higher temperature than W 
throughout the month. The Greenwich observations from 1841 do not show 
a previous October in which 60^ has not been exceeded. The weather 
throughout the month was dull, wet, and unsettled, and numerous barometric 
depressions traversed all parts of our Islands. 

November was particularly gloomy and damp, and both ground and air 
were kept in a state of saturation. In other respects the month may he 
characterised as one of ordinary average conditions, the temperature over the 
whole country approximating fairly to that usually experienced at that season. 

December was a constant alternation influenced by the combined effect of 
cyclonic and anticyclonic couditionn, the weather at one time being open and 
mild, whilst at another it was cold and frosty. The combined effect of the 
warm and cold spells resulted in a mean temperature in fair agreement witt 
average conditions. The severest spell of cold weather was experienced firot^ 
the 6th to 11th, when the temperature foil to 14^ both in the North-west 9J^^ 
South-west of England. Good skating was enjoyed in Loudon and the suburb 
on the 11th, and the skating was of a first-class character in all parts of ^^ 
fen country — Cambridgeshire, Lincolnshire, Huntingdonshire, and NorfaV^' 
Snow showers were experienced over the greater part of the Kingdom, and ^ 
Scotland some rather heavy falls occurred. 

January was cold over the whole of the United Kingdom, but the weatb^'^ 
was extremely unsettled, severe frost alternating with brief periods of thi^'^ 
Heavj' falls of snow were experienced generally over the whole country, 
on the 6th the fall was particularly heavy in the East and South-east 
England. In and around London it was about 8 ins. deep, and traffic foi 
time was greatly impeded. On the 8th, a very severe snowstorm occurred 
Scotland and the more northern parts of England. In London and in m 
parts of the country there was good skating both at the commencement 
end of the month. The period of greatest cold was in some places from tt^ 
7th to 8th, and in others from the 19th to 28rd. 

February was cold and dreary from beginning to end. The barometer w^^ 
higher and more uniform than usual, and the conditions decidedly anflcyclonic^ 
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The area of greatest cold was over the eastern parts of England. No ex- 
tremely low temperatures were recorded, but the cold was persistent in 
character, the coldest period being the close of the month. There have been 
in London during the present century but six Fcbruaries with as low a monthly 
mean temperature, these were in 1814, 1827, 1888, 1845, 1858, and 1855, 
bat of recent years 1878 and 1875 were only slightly warmer. Some heavy 
snow falls occurred over nearly the whole Kingdom, and fairly good skating 
was possible, especially during the second week. 

March was cold, but very opposite conditions of weather were experienced 
dnring the month. From the commencement until the 18th, intense cold 
prevailed accompanied with biting East winds, and throughout this period 
an anticyclone was situated over the British Islands. Frequent heavy falls 
of snow took place, and more skating was enjoyed than in any previous 
March since the formation of the London Skating Club in 1880. After the 
18th the frost entirely broke up, and for the remainder of the month the 
weather was unusually mild for the season. 

Table I. gives i^e difference of temperature in degrees from the average 
for 20 years for the whole six months (September 21st, 1885, to March 21st, 
1886), and for each week for all the twelve districts into which the Meteoro- 

TABLE I. 

DtnrsBEHCB or Msam Txmtbbatubb fob each Week fbom the Avsbaqb or ao Ysabs, 

1861-1880. 
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22ri HARDING! THE BE^'ERE WEATHER OF THE WINTER OF 1885-6. 

logical Oliicc dividos the British Islands in the discnssion of its rotnrns. 
From this Tabic it will be seen that there is no district in which the mean 
temperature was above the average in more than six weeks ont of Uie twenty- 
six weeks dealt with. In the Channel Islands the temperature was only above 
the average daring throe weeks ; whilst in the South, South-west, and North- 
west of England, and in the North of Scotland, it was only above the average 
in four weeks. The Table also shows that these high temperatures were 
almost wholly iu November and December. The greatest deficiency of 
temperature was in the weeks ending January 26th, March 1st, 8th, and 15th, 
during which periods the defect from the average amounted to as much as V 
and IQP in several districts. For the fortnight ending March 15th, the mean ^ 

in the Midland Counties and in the North-west of England was below the ^ 

freezing-point, and, considering the British Islands as a whole, the temperature ^^ 

was lower during this fortnight than during any similar period of the winter ; 
in connection vdth this it must not be overlooked that the average temperature ^^^ 

for March is several degrees warmer than for January. 

Table IE. gives the monthly means for each of the six months from October "tx-^i- 
to March for all the stations used by the Meteorological Office in the com- ->,k3- 
pilation of its Weekly Weather Bepart, which stations number about 70 and .E^j(f 
are fairly representative for each of the several districts, comprising the ^^,mie 
whole area of the British Islands. From this it will be seen that the resulting ^3.00 
monthly means were below the average at all stations over the whole Kingdom^siExzn 
in October, January, February, and March. In the East, South, North-westr <^^t, 
and South-west of England, and the Channel Islands, as well as over the^^^i^e 
greater part of the Midland Counties and the North of Ireland, the temperaturtt^-^cj^} 
was also below the average in December. In the North-west of England thi 
temperature was below the average in each of the six months, with one solitary 
exception of an excess of 0°*1 at Stonyhurst in November, and at two statioiC3cr<is 
out of three in the North of Scotland the mean was below the average iS Id 
each of the six months. 

The amount in defect of the average was generally larger in February thi^^^jan 
in any other month. The greatest deficiency was in the East and South . 0/ 
England, and iu the Midland Counties ; the amounts at the several iiliitiii ■ im 
varying from 5° to nearly 9*^. 

Considering the actual mean temperatures, the coldest months were Jam 
and February. In Scotland and Ireland January was the coldest, whilst, w 
a very few exceptions in the North, February was the coldest over the wl 
of England and in the Channel Islands. 

The several monthly means of the maxima and minima, as would natur^^ai// 
be expected, range in fair agreement with the means obtained from Vbm.'ese 
combined data. 

The means in the several districts and for each of the six months show the 
coldest weather to have been experienced as follows : — 

October was coldest iu Scotland. 

November was coldest in Scotland and the Midland Counties. 

December was coldest in the East of England and the Midland Conntto« 




HABDINa THE SSVERE WEATHEB OF THE WIMTEB OF 1885-6. 



287 



s 

00 

M 

I 

00 



i 

I 



s 



3 
^ 



s 



o 



o 

5z; 



o 

o 



o moo 

J • • * 

po CO po 



r^ ^ o» m o o> ^ ^vo 



M N M 

CO fO fO 



CO N CO m CO CO 
CO CO CO CO CO CO 



in CO CO M N 

CO CO CO CO CO 



• ••••••• 

wifO'^-eiMNwro 
cocococococococo 



Feb. 


CO CO t^ 
o • • • 
N M O 
CO CO CO 



O M 



8* 



• • 

o o 

CO CO 



VO 00 o 



O 00 M .. _ 

CO W CO CO CO CO 



CO m "* 

• • « 

N O M 



• • • • • 

00 O Ot t>>00 
N CO N W « 



OO W coO COO»« 

• • • • • • • • 

O^ Ot O Ot Ot OtOO o 
NNCOWCIWNCO 



r^ o» CO 

o * * * 
MM© 

CO CO CO 



CO ^ 0» 

• • • 

o»o o 



^ ^ N COOO 0\ 

• ••••• 

O 0\ M Ci Q\ N 
N CO 



•* 1^00 o t^ 

• • • • • 

Oho 0\00 



dcoco cowcocoNco cococowe* 



w r^r^mtocoo n 

• ••••••• 

WCOCOWNCOWCO 



•-« CO t>» 

I • • • 

»n «r> CO 

CO CO CO 



"^VO CO 

• • • 

CO CO CO 



• ••••• 

1/^ M ro ^ M ^ 
CO CO CO CO CO CO 



M m CO m -"^ 

• • • • • 

N CO CO t-i N 
CO CO CO CO CO 



«n o» t^ M M o>o ^ 

• ••••••• 

NNcONNMMfO 
CO CO CO CO CO CO CO CO 



to »-• 5f o^oo o M 5j- o» o mo 



0»N t^OO « 



joap op p p P I'* J* 

r^oo «b CO Vo oovoKhKo obwinK Kvb r^vb vb r*» t>.db 

CO CO CO CO CO CO CO CO CO ^ CO ^ CO ^ CO CO CO CO CO CO CO CO CO CO CO 



-^ m -^ "* M CO M i>»oo m •* r^-^ei-^M '^ m o oo m o^vo ci 
00 r*»o inr^o\ o , o *•> o\f* ooHOooot o>o»0\r>.t>. r*»oo Q 

COCOcO cOcOCO ^ ^^CO^ CO^^COfO coconOcoco CO CO ^ 






i 



& 

00 



00 

M 

< 

o 

2 






p:4 



S 






o 



o 
O 



o mm 

• • « 

om m o 

I I I 



00 «r> «r> 

• • • 

M M « 

I I I 



O O t^ -^ H -^ 

•••••• 

« M M Q M N 



I 



M M p M N 

1 1 1 1 1 



M N M \p m 

b CO c( H CI 

I I I I I 



r*. CO ^00 CO m ^ ♦ 
• •*>««•■ 

MHPMCOWCOCI 

I I T I I I I I 



M to yt 

Oco « CO 

I I I 



r^m o 

• • • 

CO CO -^ 

I I I 



in M M o o> o 

• ••••• 

^ m ^ CO ^ m 

I I I I I I 



N m p r^tp 
Co i>vb Koo 

I 11 I I 



00 mpp mp^otot 
m m m^b O mo O 

I I iTT I I I 



m p t^ 

OcO« CO 

I I I 



• • • 

CO PI M 

I I I 



o t^ H m t>» p 

« M CO N N W 

I I I I I I 



• • • • • 

M N N N ^ 

I I I I I 



COO»M Om O ^tv 

• ••••••• 

COO M COCOM COW 

I T I I I I I I 



r^ m m m ^oo o\ ciooo^ ncoco^^ o\Mmo> o\qo o co 



N N M 



m • « 

O to *^ 

I f + 



?* P ^t- l> N 

H • M W b M 



CO r^ CO M M 

• • • • « 



ei o>r^M t>>o\mc« 

• ••••• •• 



M m M 

O"* CO •'J- 

I I I 



p ."^^p 
in CO w 

I I I 



r*" r** p p* f^ 

CO • N N CO N 

I - i 1 1 1 



moo po •-" in 

• ■ • • • 

•^ -^ \r% ^r\ '•t 

I I I I I 



^00 ^ O ^O M CO 

^cocomm'i-m^ 

I I I I I I I I 



a 






a 

cS 



1^ 






1 i-a 






' o 

I 



O 



OQ 

a 
o 

08 

•♦* 



M op op N r^Op p p»Qp 00 op C4 

° Kob do 00 Kao oo i>»do 0\ b^oo 

CO CO CO CO CO CO CO CO CO CO CO CO 



CO N ^ H p> 

b ao b\ b 30 
^ CO CO '^ CO 



•ho\^ nmu-» mo^mt>>^ 



o o m 

CO CO CO 



m m m 
CO CO CO 



•^ "^ m m ^ ^ 

CO CO CO CO CO CO 



CO M 00 00 CO 

• • • • • 

CO CO CO M H 
CO CO CO CO CO 



00 o^o ^r*.«n^oo 

• ••••••• 

00 o> o r*»r*»o^oo o> 

CO CO ^ CO CO CO CO CO 



inmmcoM o M ci 

• •••••••, 

^^"^co^mco^ 

CO cO CO CO CO CO CO CO 



i>» CO m 

• • • 

mo ^ 

CO CO cO 



O o» x1- 

« « • 

•^ "^ m 

CO CO CO 



m N r^ o> o» N 

• ••••• 

^ ^ m m ^o 

CO CO CO CO CO CO 



O ■* t^O>X) 

• fl • • fl 

m m m ^ w 

CO CO CO CO CO 



Q\ ** r^o o o m o\ 

• ••••••• 

"♦o m CO ^o ^ m 

CO CO CO CO cO CO CO CO 



m p o 

b^ b 00 

CO ^ CO 



O C< M 

b^oo b 

CO CO ^ 



HI jr> p» o^vp op 
b\ r^oo 00 Koo 

CO CO CO CO CO CO 



• • • • ■ 

r>. rs,Qo r»» r»» 

CO CO CO CO CO 



• •••••• • 

CO 00 00 t>* rvoo o 00 

CO CO CO CO CO CO CO CO 



O ^^M 

o • • • 

wi N H 
-* -^ -^ 



1 • • • 

W W N 
^ -* "* 



O^ m» 

• • • 

CT> O <-" 
CO "* ^ 



t>. CO 0\ 

• • • 

M CO ^ 

"* ^ -^ 



M ^o O coo O ^ O O M 






W "^ W CO 
"* -^ <* -'I- 



wi ro CO •-" ci 
"* "* ^ -* "* 



•-" o mo CO m mo 

• ••••••• 

NMNOhmmN 



"* 
^ 



mo ino 
^ ** -* "'I- 



O 0\ r^ ^ CO N ^O H VO W O O 



m m m m m 
^ ''f -^ "'I- -^ 



ir> m m CO CO «n «*-o 




928 



BABDIMChxTBI BflTBU WXATBXB Ot THI VXHISB OF 1880-6. 



& 

00 

I 

M 

M 

O 



o 



6 



I 



I 

H 

9 



H 
PS 

I 






o 






5 

M 

9 



< 

o 

i 
P 



^3 

S 



o 
a 






• •••••• 

^ « fO -^ ^ «*» fO 
fO CO TO fO f^ CO CO 



M*o r*.« « r^ fo o»oo fo«0 lo 

■ •*• ■••••••• 

tnenm *n MfocnMfO^^»n 

to fO fO ^ to to CO fO po po to ^ 



t^oo o QO m m o 

• • • • « • • 

M m ro -^00 O O 
to to to to to to to 



9 



I') r^ -^O to -^o d-^r^to ooMOOvtM^in ooooo«ooo«ov> 
OaOMMMiioi MMCi^ t^eio*-i»^c<to^ QOmot ot«o c*« to 

tO« tOtOtOtOM tOtOtOtO NtOtOtOtOtOfOtO MtO««rOtOtO 



i 



^ 0» »n ir> roQO ^ 0«0*nO OOMto^ to»o M r^ ir> ir» ^QO o»»o to 



M oi d M d to M 
to d CO to to to to 



oo^d^ t**too»-««to^»n t^o M o in d to 
todtoto dtototototototo dtotototototo 



o 

9 



m O •-« to o» to 

• ••••• 

to d «r>»0 ^ «o 
to to to to tO to 



*o o ■* to 
to to to to 



r^ M Qo <<f vo «oorH ooooooor^dO 



o »o d ^ too r^ «o 
to to to to to to to to 



to ▼ 



to d a^«o r^ 
to to to to to 



> 
o 






S3 



JO 
9 



S 



s 

Q 



o 



O 



S3 



(k4 






00 tooo O 00 to 
00 t** Q M 0» .^ . 

to to ^ ^ to ^ 



r*.o "*oo 

• • • • 

00 r^oo o 
to to to ^ 



O o ^ moo doot^ dvotomo^i-io 



•^00 r*. t^ r*» o^ o» Q 
CO to to to to to to ^ 



r^ to o o »r> to to 
to ^ '^ -^ ^ ^ ^ 



Oho r> m to o» 

• • • • • - 

O 0\ M d M d I 

-t*- to -t*- -4- -t*- ♦ 



moooo^ tomdinMsOMfo ^toovo*ooto 



00 00 Ol Q 

to to to ^ 



to "^ to "^ to "t** "t** + tO-^^"^-*^^ 



tooo to r^ t^ r*» M 
©d d •* tod ■♦ to 

I I I I I I i 



00 00 o d 

■ • • • 

O d d to 

I I I I 



• ••••••• 

d ^ro^d tOtOtO 

I I I I I I I I 



M ^ ^ ^ Ot to o 

• •••••• 

-^ in to d d to ^ 

I I t I I I I 



r*. too 00 w .o ^ 
oo r>«o o in in t^ 

I IT I I I I 



M tooo to 

• • • • 

to ^ d to 

I I I I 



m «noo m d ^ »n o^ 

m •• • • • • •- 

m m ^vo m m ^ ^ 

I I I I I I I I 



• « • • • • • 

«Q ^o t^ to to m 

T 11 I I I I 



d m o d M o\oo 

• «••••• 

om d d d m d d 

I I I I I I I 



to -^00 ^ 

• • • • 

to to d d 

I I I I 



M d oi^^d o»M 

• • • •,• • • • 

^tod ^tod d to 

I I I I I I I I 



ro rOOO O^ O^OO 00 
• ••••• ■ 

•od to tod tod 

I I I I t I I 



"* m*o to M oo 

• ••••• 

OOmmmOO * 

1 1 1 i+i • 



IT) M M M 
• • • • 

M O d O 



d M ^ o o\ too o^ 



M ^ t^ to q\ tod 
to 



MMQdOQQd tOQMdOMi- 

I I I I I IT I I + I I I I I 



moo o^tn^t o^ 



o 00 too 



MMMQM^Om 



++++++ • ++++ 1 1 + II II I 



d M o ;*-o op d 

O M M M d M M 

1 1 1 1 1 1 1 



d d o^oo m to 

• • • • • • 

O -^ -^ CO to to to 

I I I I I I 



o o\ to d 

• • • • 

m to to ^ 

I I II 



t^O »n d ^00 m o 

rrTTrrrir 



rooo 00 M o mM 

to -<' "^ ^ "^"H- 

II II II 



1 



o o» o d r*.M fo 

'O 0» 0» O^Q 0»» 

Th <o to to ^ to to 



r^ o^ d M 
• • • > 
o> f>oo Ok 
to to to to 



to M M M o d Okoo 00 ^ o t^ M mo 



t>«00 00 00 Ot O^ Ov Ot 

to to to to to to to to 



00 Ol Ot O d M o 
to to to ^ ^ ^ ^ 



mo -^00 to m O 

"i^fO m -^oo -^ 
tO to to to to to to 



r^ M Qo ot o^o ooomooom dooodMOiaN 

• ••• •••••••• ••••■•• 

o mo t** d m ^ m mo r*.oo moo m m o r^ rx 

to to to to to to to to to to to to to to to to ^ to to 



1 


o o r^d m M o 

o m t^ 1^ r^ o>vo 
to to to to to to to 


00 00 <4-00 
• • • • 

m "*o t^ 
to to to to 


r^o d r^ M d d M 

• ••■•••• 

d o m m m r^oo o> 

totototototototo 


d o d 00 d m Ol 
• . • • • • • . 

-^ Q O O O 00 00 

to ^ to to ^ to to 


i 


M O •-« M t«« O 

A****** a 

°»t^o Q oiM : 

to to ^-^ to "^ 


r*. M M d 

• • • • 

M O^ M M 

"^tO"^"^ 


m o\ -^ M m "^-o o\ 

•••••••• 

O O^OO O\00 Q M Q 

tototototo^-^^ 


>^m» r^<^o r*. 
• • • • • • J 

r^ tooo 00 to M M 

to "^ to to •<' "t** "<' 


5 


o 00 to r^o o 

r% ' • • • • • . 


O M d d 

• • « • 

d M N ^ 


m^r*.o\M M o m 

• ••••■•• 
OtdMMCitO^^ 


t**to "^doo '^o\ 
• •••••• 

d o ^ mop r.o 

"^ "^ + •♦ ♦ ^ -<' 



o\ moo o o^o 

O O (>. t>. (>.00 , 



^ ^00 o oodtoor^ot^ ooiQMOdd 
toto^m do^m^mr^r^ -^oo o r*» o\oo oo . 




BABinirO— THE tnSTBBB WKATHEB OF THE VIKTBa OF 1886>6. 



229 



s 

00 

M 

I 



I « 

w 9 



PC 



o 

H 



M 



M 
M 
P 
H 

i 

H 



a 



o 



S3 



.9 
S 



s 



► 
o 



00 



vO 

QO 

M 

<1 



s 



£ 






3 






o 



o 

O 



Si 



a 

:^ 

s 

• 

H 

o 

I 






a 



S 

Q 



► 
I 



O 



CO 

a 
o 

3 

CQ 



^ 0» ^ P O ^00 fO M 00 

" ^ lo rvvo « fo ^ «o « 

to fO fO fO fO CO ro CO fO 



mM o cooo MO M o 

• • • • • ?^ • i. i 

o CO ^ m r^ o»o o ^«• 

CO CO CO CO CO CO CO ^ CO 



• 


-^ COO « » » C< 00 00 
lO CO lOvO O M CO CO M 

CO CO CO CO CO CO CO CO CO 


^ «n o»oo o M o\ 

• •••••• 

m N CO iooo a\ "o 
CO CO CO CO CO CO CO 


00 M 

• • 

OtvO 
coco 


• 

S 


o 00 o»« o\ lo mo M 

0'.« • • •• • • • 

^M inmo o»o COM 
cococococod cococo 


• ■••••■ 

CO o o « in t^ci 
CO CO CO CO CO CO CO 


CO CO 



rv rv o M M o» cooo m 

O^vo O O ^ CO mvo ^ 
coco^^cococococo 



OOWOOO-^-N^ O Vp 

r^'^'^ioo^qo CO o^ 

cococococovco ^co 



P O CO M lo »00 00 o^ 

M 00 N N r^ r>. t^ o 00 

^CO^'^COCOCO^CO 



ooo^«n^c<o\ mo^ 

• «•••■• •• 

mO^Omco^m tN»co 

"*»- CO -^ -^ '^ -^ •<- •<-•<• 



N ^ m CO ^00 CO ^ CO 

• ■ • • • • • •• 

N 0» CO COOO r>.oo M 00 
^co^^cococo^co 



o 00 t^(0 m CO ^ o 00 

• ••••• •• 

O t>«00 0» M ^ O t^Vp 

•<- CO CO CO •<- ▼ "^ •<• ^ 



00 CO « CO C* M COOO rv 

OMQM^rOMC4COM 



00 ^ CO CO ^ 0» O^ 

- • • - 



^QM^rOMC4COM MMM^NMCI 

IT I I I I I I I I I I I 7 I I 



MVO CIM COCOM COO^ 

11(111111 



•HMMoo^ooooin 
Om roco^mm^M co 

I I I I I I I I I 



O cot^'^coi>.w ^r* 

OmmmQmQOO 



t^W M O>00 !>. ^ 



\o o ^iococoi>.'^r>. 

O M M M 



c< O c< O '<*' M <^ 



mmMQQmOmm NdNMOMO 

+++T+++++ +++++++ 



N CO -^VO O OsCC -^ I^ 

• •••••••• 

OW CO»-« CO'^fOCO^CO 

I I I I I I I I I 



CO l^« N 00 M M 

• • • • • • • 

^ •^ ^ m CO CO »n 

I I I I I I I 



QO CO »r>» M moo ^ « 

OkM M O OS O^ Oi OS OS 
CO ^ ^ ^ CO CO CO CO CO 



^ W W O C« 00 t^ 

• *••••* 

M o o o w CO •-• 
^ ^ •<- ^ ^ ^ •<- 



»oo o o r^ r>. t^ r^ r^ 
CO CO ^ ^ CO CO CO CO CO 



00 r>. o^ cvo m m r>. m 

COCOCOCOCOCOCOCO CO 



pop ;^ ^yp ^ p*Ot p 

oroM cocob^<>b»b Os 
^^^^cococo^co 



O C4 00 ^ O^OO O 

• ^ t.. • • • • 

d O O^ O CO ^ C* 

•<- ^ CO •<- ^ ^ •<- 



m*o vO M r>.oo o\ m ^ 
^commN N N ^co 



Os CO covO VO mvo 
• ■••••• 

m ^ m in i^oo vo 



« M w o ^00 COOO e« 
O mt^t^^co'^m'^ 



mv* o^ o o\ CO w 



• • • 



m ^ ^<o r>. o^vo 



®43 



2 .p bg «g g 

i III ««l ^'S^ 



OQ 



i 






O 0\ 

• • 

CO M 

I I 



mvo ^ao 00 00 m O rs* 

c«Nc«co«-<M«i coco 

I I I I I I I II 



lOCOMMCOC^OO ^O^ 

• •••••• ■• 

M-^CO^NCO-* NO 

II II I II IT 



Os m 



+++?T?iiT ^^TT^iT TT 



coo 

n 

OtCI 

• • 

CO ^ 

I I 



O OS 

• • 
CO M 



t^coojoo mo c< o 00 

• •••••• • *^ 

O^OO 00 0»C< COM COOO 

CO CO CO CO ^ ^ ^ ^ CO 



o^ m o o COOO in ^ o 

• •••••• »• 

r>. mo r>i o M 00 co m 

CO CO CO CO ^ ^ CO ^^ 



O CO 



CO OS 

bo 
m ^ 



o^ m 

• • 

o o 
mm 



BO 



iliii 






-O fB ^ ^ ^ 9 J 



»3 

f5 






880 



HASsraO— THE BEVEBK WKITHXB OF THX V 



B OP 18B6.6, 



January was cold over the nhole Kingdom, bat the £roat was most intenBe 
in the Eastern and Midland dietriots. 

Febraary was coldest over the East of England and the Midland Gonnties. 

Klarch was oold orer the whole Kingdom, bnt rather less so in the West 
than in other parts. 

Table HI. gives the absolate minima in the several districts for each week 
during tiio six months in qnestion, the arrangement being similar to that 
followed m Table I. It shows that the absolntely lowest temperatnre for 
these representative stations during the whole winter was G°, which oecaired 
in the East of England dnring the week ending Jannary 11th. The next 
lowest temperature was 7° in the North-west of England daring the week 
ending January 25th, and in the same we^ 8° was registered in the North of 
Scotland, The lowest tempeTatnre for the winter in all diatricts occurred in 
one of these two weelis ending January 11th or 26th. The minima for the 
two weeks ending Uaroh 8th and 16th were, however, bnt very slightly 
higher, the lowest readings were 10° in the North-west of Ettf^d and 11° 
in the Midland Counties. 
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This Table also shows that, omitting the Channel Islands, there was no 
iistrict in the British Islands in which the temperature for each week did not 
Rail to the freezing-point, or below it, from the commencement of January 
intil the third week in March. In the South-west of England there was only 
I single exception of a week in which the thermometer did not fall to the 
ireezing-point from September 21st to March 21st, and not a single exception 
ifter the first week in October. In each of the districts Scotland E., England 
^.E., and England N.W., the temperature fell to 82° or below in each week 
from the commencement of November until the third week in March, and in 
Bngland £. and S., and in the Midland Counties, there was no exception from 
the commencement of December. 

Table IV. gives the lowest shade temperatures recorded in January, 
Pebmary, and March at all the stations. It shows that the lowest temperature, 
S^, occurred at Bothamsted in Hertfordshire on the night of January 7th-8th. 
The Table also shows that the January minima at many stations occurred at this 
time, but this was by no means uniformly the case. In the North-west and 
South-west of England the minima for the month occurred generally between 
the 19th and 21st. The minima in February were not so low, nor were they 
at all uniform in their period of occurrence. In March the lowest temperature 
was 10° at Newton Reigny, near Penrith, on the 7th, and the minima over 
nearly the whole of Great Britain occurred on this day. 

The Table, as well as Plate IV., shows the number of times that the ther- 
mometer fell to 82° or below in each of the three months from January to 
March, the total number of nights in many parts of the British Islands 
exceeding GO, the absolutely highest number was QQ nights at Llandovery ; 
and in addition, the Table IV. shows the number of days with the thermometer 
below 20°. The latter are by no means common, and clearly indicate that 
the frost was not in any way remarkable for its low readings ; but both the 
Table and the Plate, on the other hand, show, by the number of times tlie 
thermometer fell to the freezing-point, and also the long period that the 
minimum temperature was continuously at this point or below, that the frost 
was one of very exceptional length. 

The longest uninterrupted continuance of the frost was generally experienced 
in the Midland Counties and in the East of England. At Cheadle in Stafford- 
shire, Churchstoke in Montgomery, Llandovery in Carmarthen, and Great 
Berkhamsted in Hertfordshire, frost occurred on 88 consecutive nights, from 
February 14th to March 18th, whilst at several stations the frost continued 
80 days or more. 

In Great Britain, the longest period of frost during the winter occurred 
between the middle of February and the middle of March, and Plate IV. 
exhibits very clearly how few days there were during this period on which 
frost did not occur. In Ireland, however, the longest period of frost occurred 
generally in January. 

Table IV. also gives the number of days on which snow fell for stations 
considered representative of the British Islands. 

Table V. gives the number of days that the minimum temperature at 
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Greenwich Observatory was 82° or below, also the nmnber of days below 20 
for each year from 1845 to 1886, for January, February, and March. 3.1 
also gives the longest period during these three months that the miniincM -m 
temperature was continuously at 82° or below, as well as the longest perL^di 
in each winter that the minimum temperature was continuously at 82° ^r 
below. It shows that in 1886 the minimum fell to 82° or below ^E'or 
twenty-eight consecutive days, from February 19th to March 18th, and '^Jie 
Table does not contain any other instance of frost continuing for so looi^s ^ 
period without interruption. The only instances of frost for twenty or am^o^^ 
consecutive days at Greenwich from 1845 are : — 

24 days in 1858, from February 17th to March 12th. 
22 days in 1879, from November 20th to December 11th. 
21 days in 1855, from January 14th to February 8rd. 
21 days m 1878, from December 6th to December 26th. 

Considering the three months from January to March, there are ba"^ 
years since 1845 that have a period of continuous frost of one half the l^^^^^ 
of that in 1886. The years with fifteen days or more are respectively ^ 

1886, 28 days. 
1858, 24 days. 
1855, 21 days. 
1861, 19 days. 
1881, 16 days. 




Taking the actual days with frost, irrespective of continuity, there wtJ^ "^ ^ 
London frost on fifty-three days in the present year (1886), from "^ ""^^ 

March. In 1855 the number of frosts in the corresponding period was 
eight, but the only other instance of more than fifty days was in 1858, 

the number was fifty-three. 

the 
There was only one night from January to March 1886 on whiclv- 

thorfliometer fell below 20°, but each of the following years had five or 

such frosts in the period : — 

1855, 12 nights. 1847, 6 nights. 

1881, 10 „ 1861, 5 „ 

1867, 7 „ 1880, 6 „ 

Mr. W. Lucas, writing on March 4th from Hitchin, remarks that w 
began with him in August, and gives the following results of thirty-seven y 
observations :— 

No colder August. 
8 colder Septembers. 
1 colder October. 
11 colder Novembers. 
7 colder Decembers. 
6 colder Januaries. 
1 colder February. 
The average temperature of the seven months was 10° below the m^?^' 
and he states that ** the ice on which we skated early in December, and e^^ 
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November, has never thawed, and has borne all the time, and the snow 
Ifts which fell in December in many places are almost undiminished.** 
The following are a few of the most extreme minimnm temperatures 
alow 1(f) from stations other than those used in the Tables : — 

January. 
Station. Shade temp. On grasa. Date. 

Braemar ... ... ... -.2'0 — 19 

Alston ... ... ... I'l — 20 

Stapleton ... ... ... 4-8 — 20 

Buxton ... ... ... 6-6 — 20 

Berkhamsted* ... ... 7-4 0'9 8 

Do. ... ... 9-2 -4-6 7 

Ross •.. .. ... 8*6 — 7 

Pawston, Comhill on Tweed ... 9-0 — 19 and 20 

Skipton ... ... ... 9-0 — 20 

Beddington ... ... ... 9*2 — 8 

Febbuaby. 

Braemar ... ... ... 2'5 — 5 

Alston ... ... ... 7*1 — 6 

Mabch. 

Alston ... ... ... — 2'0 — 7 

Buxton ... ... ... 1*2 — 7 

Braemar ... ... ... 2*0 — 12 

Tean Vicarage ... ... 7'0 — 7 

Jedburgh ... ... ... 8*0 — 7 

Hodsock ... ... ... 8*4 — 7 

Bishop's Castle, Salop ... 9*0 — 7 

Probably the most interesting feature in connection with the past winter 
la the excessively cold weather experienced over the whole country at the 
»mmencemcnt of March. The following are the mean temperatures from the 
(t to 17th at a few stations, which may be considered representative of the 
ritish Islands, and which are arranged approximately in order of latitude : — 

TABLE VI. 
Mean T£Mr£RATDB£S» Mabch xbt to 17TB, 1886. 
Station. Mean Max. Mean Min. Mean Temp. 



Nairn 378 25*6 317 

Aberdeen 37*i 27*9 32*5 

Glasgow • 36*5 277 32*1 

ShieldB . . . , 36-5 288 327 

Newton Beigny 36*2 23*6 29*9 

Bounton 36*2 23*4 308 

^ The obscrvationB at Berkhamsted were made by Mr. £. Mawley, F.B.Met.Soc. ; the 
thermometer was placed on the surface of the snow. 
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TABLE Yh—iCotUinMed.) 
Mean TEMPsaixuiiEs, Mabch ist to 17TH, 1886. 
Station. 
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34*0 
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It will be seeu that the mean for the period ranged within a degree or '^'^^ 
of the freezing- i>oint, above or below, over the whole country. 

The Greenwich observations from 1814 only show two instances O* * 
similarly low temperature in March. In 1814, the mean for the 1st to I^ \^^^ 
was 81°' 4, and there wore fourteen days between the 1st and 19th \ 
the mean t<?mperature at or below the freezing-point. The whole winte 
1814 was exceptionally severe, the frost being very prolonged. In 1846, 
moan for the 1st to 17th was 29°* 8, and there were eleven days between 
1st and 18th with the mean temperature at or below the freezing-poin 
frost was also very prolonged. 

Mr. Mawlcy has supplied the following facts relative to the weather expc^ 
enecd at Great Berkhampsted. They are of cHpecial interest, as the weat 
was probably nowhere more severe than in Hertfordshire, and the eitre 
care with which the observations are made render them of high value. 

The minimum temperature registered 32*^ or below in January twenty-t '^^ 
days, February twcuty-threc days, March eighteen days, making a totaL 
sixty -three days between January 3rd and March 18th. Tlie temperat 
was below 20^ on four days — January 7th ond 8th (9^'2 and 7^*4), March 
and 17th il8°'3 and lG°-9). The longest period with minimum temperatiJ^ -** 
32 or below was thirty-three days, from February 14th to March 18th ; whf 



.^£*li 
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is 



e 



^0 



on the grass frost occurred on seventy-three consecutive days, from Janu9 
5th to March 18th, with the solitary exception, if so it can be called, of 32^" 
on February 13th. The lowest temperatures on the grass or snow wer^^ ' 
- 1^-6 on January 7th, 0'-9 ou Jaiuuiry 8tli, 13^-1 on February 10th, ICT-S ^^ 
March 7th, and 8^*0 on March 17th. The extreme variation of the temper^' 
ture of the soil during the first seventeen days of March was, at 1 foot (T' 5' 



bA&DING— THE SJEVEBE WEATHER OF T&E WINTER OF 188fi-6. 289 

from 82°-8 to 88°-8, and at 2 feet 0°-6, from 84°-5 to 86°-l. On March 18th 
the ground was frozen 6 ins. deep, or to a greater depth than at any previoas 
time in the winter. 

The days on which snow fell were :— January 6th, 6th, 8th, 10th, 12th, 17th, 
19th, 21st, 22nd, 28rd, 24th, 25th, 29th ; February 8rd, 6th, 22nd, 28rd, 
25th, 28th ; and March Ist, 2nd, 8rd, 6th, 12th, Idth, 14th, 15th, 16th, 18th. 
More or less snow was always to be seen on the north sides of some few 
hedges between January 6th and March 19th, and, in connection with this, 
Mr. Mawley mentions that until March 1st there was no driving snow suffi- 
cient to form a snow-drift. 

With the break up of the long frost the shade thermometer differed 40P'6 
m fifty-three hours, from 16^*9, at 6 a.m. on the 17th, to 57^*5, at 11 a.m. 
on the 19th. 

The unusual frequency with which snow fell throughout the period is a 
matter of great interest. The number of days on which it fell in January, 
February, and March is given in Table IV. The heaviest snowstorms 
throughout the winter were the storm of January 6th, which was about as 
heavy around London as in any part of the Kingdom, and the storm from 
February 28th to March 2nd. The latter was occasioned by a storm-centre 
^yancing from the westward and crossing over central England. The 
heavy fall was doubtless largely due to the passage of the storm to the east- 
ward being barred by an area of high barometric pressure. Snow was general 
DTer the whole country, and in most parts the storm was very severe, 
serious drifts bemg occasioned by the violent wind. 

On February 28th and March 1st the fall of snow was heaviest over Wales 
and the southern and central parts of England, but in the north of England 
and in Scotland, and even in parts of Ireland, the fall severity of the storm 
was experienced on March 1st and 2nd. The greatest violence of the storm 
was in the extreme north-east of England and in the south-east of Scotland. 
The following are a few details of the storm, keeping as nearly as possible 
lo order of date. 

March 1st. 

The heaviest snowstorm experienced for many years broke ovet Cheshire and 
l(forth Wales in the early morning, and continuea throughout the day. 

Traffic was entirely suspended on the Bala and Festiniog line, the railway 
Toeing blocked between Trawsfjrnydd and Arenig. 

The line near Corwen, Merionethshire, was most completely blocked. The 
snow in the evening blocked the line to the depth of 8 or 10 feet. 

The Cambrian line, between Oswestry and Welshpool, was blocked in several 
places, and a coast train was snowed up near Towyn, which was not dug out until 
the following day. 

Two trains were snow-blocked in the Dolgelly district. 

In the Isle of Man there were drifts on the high roads several yards deep. The 
railway line at Kirk Michael was completcl}^ blocked, and remained so on the 
&d, one train being entirely buried in a cutting all the time. The block still 
continued on the 3ra, when another snowstorm was experienced. 

In the Barrow-in-Furness district tlie snow collected in inmiense drifts. The 
railway passenger traffic was completely disorganised and trains were embedded. 
It is over thirty years since a previous block was known on the Fumess line. 

lOEW 8BBIBS. — ^VOL. Xn. B 
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In the Lake District snow fell all day, the snow drifted in many places to * 
great depth. 

In the Settle district there was one of the most violent snowstorms experience^ 
for many years. A block occurred on the line between Hawes Jonction ac*^ 
Ribblehead. The line, which had been snow-blocked at Dent since IstjV^-^ 
cleared for traffic on the morning of 4th. 

At Birmingham the fall of snow was the heaviest that has been experienc^^ 
this season. All the steam tram traffic was stopped, and the omnibuses d^vi 
not run. 

At Worcester the snowstorm was the most severe experienced this winter. 

A train was snowed up between Watlington and Princes Risboroagh. 

In Shropshire snow fell continuously for fifteen hours. 

In North and West Lancashire the snowstorm was severe, in many places drifr-^ 
were as high as the hedges and walls. In Preston snow accumulated 3 or 4 fe^^ 
deep. 

In East Yorkshire the snowstorm was the most severe of the winter, and hu 
drifts were formed. Serious interruption was caused to railway traffic, both 
1st and 2nd. The drifts on the Wolds were 12 feet deep. 

The mail train from Whitehaven to Camf orth was snowed up near Ravengl 
the snow being from 5 to 6 feet deep. 

Glasgow and the West of Scotland experienced a very heavy snowsto 
apparently conmiencing in the evening (Ist). 

At ELirkwall snow fell very heavily. 

An express train, which left London at 8 p.m., 1st, only reached Berwick 
the evemng of 4th, naving been embedded in the snow at Morpeth. 

In the North of Ireland snow fell heavily all day. The evening mail 
from Belfast to Londonderry was snowed up at Eglinton, about 7 miles 
Londonderry. The snowstorm continued in Belfast on 2nd, and lasted for cli 
upon forty-eight hours. 

Mabch 2nd. 

Snow fell heavily all over Cheshire and North Wales. 

Several blocks occurred on the East Lancashire railway system. . 

There was a great block between Preston and Lancaster, on the London and 
North-western system. The snow, wliich was from 4 to 5 feet deep in the fieWs, 
was blown into the cuttings, and a train near Scorton became embeaded in a drift 
over 4 yards deep. 

Between Redcar and Saltburn the railway was blocked by drifting snow. A 
passenger train from Darlington ran into the drift and remained fast. 

The line at Huntcliffe, between Brotton and Lof tus, was completely blocked, 
and two trains were embedded in the snow. 

Between Sunderland and Cleadon three trains were partly buried in the snow. 

At Edinburgh the railway traffic was completely disorganised. 

Railway communication was completely stopped on the St Andrew's line after 
midday. On other portions of the Fif eshire Railway system trains were snowed 
up during the day. The snowstorm abated during the night, but the accumulation 
of snow did not allow of communication with the main line until after midday 
of 3rd. 

On the Caledonian Railway there was a complete stoppage of traffic iot 
several hours. 

The North British Railway was completely blocked. A train stuck in a snow 
drift near Arbroath, and a goods train got embedded near the same pl*^^* 
Two Caledonian trains were snow-bound between Montrose and Dubton. 

In the Isle of Man another snowstorm was experienced with a bitter North- 
east wind. 

Mabch 3rd. 

The two trains which were embedded since the night of 2nd in the snow be- 
tween Sunderland and Newcastle, were dug out at about 4 p.m. (3rd), and the \^^ 
was partially opened. 

At Hartlepool the snowstorm continued throughout the night of 2nd and 1^ 
of 3rd. 

The Midland line between Leicester and Carlisle was partially cleared. W > 
single Scotch express had reached Leicester during the day. Five miles frpij 
Klrkby Stephen there were, at night, trains still embedded in the snow whicn 
were blocked on the North Eastern line on the night of the 1st. 



fiABDlKa tHE SEVERE WEATHEB OF THE WINTER OF 188^-6. 1^41 



A further fall of snow was experienced in Cumberland, Westmoreland and 
North Yorkshire. 

Snow fell at intervals over North Wales, drifting many yards deep on the 
mountain ranges. 
Marcu 5tu. 

A very heavy snowstorm was experienced in Devonshire. Somersetshire, 
JDorsctsmre and Sussex. At Brighton the ground was coverea to the depth of 
several inches. 

Mr. P. Bicknell, F.B.Met.Soc., has kindly supplied the following details 
^^th regard to the ice, and a list of the days* skating eiijoyod by the London 
Skating Glab, during the principal winters smce its formation in 1880. 

TABLE Vn. 
London SxAmro Clt7b.— Ybabs HAViNa i8 dats and ufwabds of Skating. 



Year. 


• 


• 

1 


• 

.0 


1 


Total 
Days. 


Year. 


• 


• 

s 


• 


• 


Total 
Days. 




DajB. 


Days. 


Days. 


Days. 




Days. 


Days. 


Days. 


Days. 




1830-31 


5 


II 


4 


• • • 


20 


i86o-6i 


9 


23 


• •• 


• •• 


32 


1837-38 


... 


20 


17 


• • • 


37 


1869-70 


2 


4 


13 


• •• 


19 


1840-41 


5 


16 


10 


• • « 


31 


1870-71 


8 


20 


I 


• • • 


29 


1841-42 


I 


17 


• • • 


• • • 


18 


1878-79 15 


25 


6 


• • • 


46 


1844-45 


15 


• •• 


14 


12 


41 


1879-80 28 i 12 


7 


• • • 


47 


1846-47 


II 


14 


4 


• • • 


29 


1880-81 . ... j 18 


I 


• •• 


19 


1849-50 


3 


23 


• • • 


• • ■ 


26 


1885-86 1 3 13 


6 


16 


38 


1854-55 


.•• 


10 


18 


• • • 


28 


1 


. 







All of eighteen days and over are included, selecting that figure because it 
is divided by a decided gap from the next figures, viz. fourteen days in 1857-8, 
thirteen days in 1858-4 and 1875-6, and twelve days in 1866-7 and 1874-5. 
The only Olnb record of skating in November is two days (2drd and 24th) in 
1858, but there was skating in Bushoy Park on November 16th, 1879. The 
only March records in the fifty-six years are those (1845 and 1886) given in 
the list, one day in 1858, and ten days in 1858. 1885-86 is ihe only 
occasion of skating in all the four months— December to March. 

Mr. Bicknell states that it is extremely difficult, from a skater's point of 
view, to compare the last winter with the others, as the amount of skating 
varied so strangely in different places not far apart. On a pond (Captain 
Edwards*) at Pinner there was almost continuous skating for three months, 
and at Bickmansworth for about seventy days ; but at both places the ice was 
most carefully nursed — the snow kept swept, and skating was stopped in the 
middle of the day when desirable. 

He gives the following temperatures from his Beckenham record as most 
remarkable : — 

1886. 9 a.m. Blin, Max. Mean. 

January 6 82°-5 81°-8 88° 82°-4 

Snow from about 5 a.m. till 1.80 p.m. • Frost at night. 
Melted snow ganged January 5th 0*441 in. ; January 6th 0*165 in. 

9 a.m. Min. 

January 7 25°*8 21^*5 
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Safe skating on snow ice after one frost of only 10^. 

Daring the March frost, the ice here (at Beckenham) steadify diioppeared 
under the inflaence of the K£ winds, and there was hardly any — ^no good 
skating round here, thon^ we had 16 days at the Clnh in the heart of 
London! 

Mr. W. P. Warner, of the Welsh Harp Fishery, at Hendon, states that 
skating there commenced on January 9th, with a splendid sheet of ice, bat it 
only lasted three days ; the ice with this frost was 2} ins. in thickness. 
Skating was recommenced on Febraary 9th, bat it only lasted three days. 
On March 7th there was again skating, and from this time it was indalged m 
daily antil the 18th. The greatest thickness of the ice was 5 inches. 

Mr. H. Ingate Warren, Hon. Sec. of the Crystal Palace Skating Clabs czTlab, 
gives the following list of days on which skating took place on the Clab water *^^^r. 

1885. December 12th, ISth. 1886. Janaary 9th, 10th, 11th, 20th, 2l8t^,a st] 
22nd, 28rd ; Febraary 8th, 9th, 10th, 11th, 15th, 27th ; and March Istt^^ ^gt, 
2nd, 7th, 8th. 

He adds that skating continaed on other waters in the Crystal Pi 
Oroands till aboat March 14th or 15th, bat owing to some carioas 
carrents, the ice on the Clab water was broken ap. 

The ice in many of the public parks in the Metropolis was exceeding^^^ ^y 
good, and as late as March 17th the ice on the Serpentine, Hyde Pftrk, w ^ ^^mn s 
in splendid condition, and fally 10,000 persons were skating and didki^SLJng 
daring the day. 

An examination has been made of the temperatare of the water of ttf^ the 
Thames as observed at Deptford each day daring the three months Janaa^euuy 
to March 1886, and a comparison made with the air temperatare observe^^Hisi 
Greenwich. The observations for this comparison were obtained from the 

Registrar GeneraVs Returns. The range of the water temperatare, as sh^ ^ ym 
by the highest and lowest readings recorded each day, were — 

o o 

Janaary Highest 48*8 Lowest 84*0 

Febraary „ 89-1 „ 85-0 

March „ 50*7 „ 85*0 

From Janaary 8th to March 20th the entire range was from 40° to^ U^f 
and from March 1st to 19th the whole range was between 86°'5 and 8&*^ 
The monthly means were : — 

o o 

Janaary Water 86-8 Air 86-1 

February „ 8C-9 „ 88-7 

March „ 89-5 „ 89-6 

On comparing these results with a discussion for the years 1846 to 1879, 
except 1857 and 1870, by Sir G. B. Airy,* the following instances are 
obtained of lower water temperatures in the several months. 

1 Proceedingt of the Royal SocUty, Vol. XXXI V. I H 
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n. 1860, Sff'-O; 1879, 88°-9; 1861. SB"-©; 1867, 86°1; 1871, 86"'9; 
184ff, W'i; 1866, 84°'6: 1878, 86°-6. Uar. 1845, 88°*8. 
le rapid wa; in whioh the Thamea water took np the aoddoD change in 
ir temperature is the latter part of Maroh 1886 is very striking, 
le Society's records of earth temperatnro have been examined, and twelre 
ma have been selected as &irly representative of England, ^e resnlts 
heee from January Ist to Ifarob 17tii are given in Table VIU. Hr. 
ioti has famished me with the averages for 1881 to 1886, wbieh enables 
nperison to be made vith the several means. 
TABLB Vm. 
BiBta TufnuTCBU. 



Diff. bom Air Temp. 



rton Beigtiy 

Isock '.','.'.'. 

raetoR 

'ley Oulse . 
aa 

■g«»e 

»ell .."!!! 

bacombe . . . 



|o°: 



n Eeigny 4i'3 33'8 SS" 
- ' 40"5, 34'o 37" 
.'4J'i> 34'4 38- 
.■4''o 34'5, 37- 
|4''5 33'3 36- 

■ 44'2 36' 4i' 

■ 415 33'6 34- 

■ 44'^ 35'' 39- 

■ 4i'3, 34'5 37* 

■ 43'S' 35"3 39" 

■ 43'8 34-8 41- 
l45'3'357 4y3!37"5 39'9' 37' 



■0| 32*7 

■K 3S^- 
■9 3^- 

■6 34" 

■9 33-. 

■3 34- 

35'3 



a Table shows that at 1 foot below the snr&ee, the greatest cold for the 
r vsB reached during the first seTenteen days of Uarch. The bwest 
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mean was 82P*5 at Norwood. The mean temperaiore of the soil at 1 i^^ 
below the sor&ee was generally abont 2° in excess of the mean air temperato^^* 
Norwood, howerer, is a marked exception to this, the temperature at 1 t^ 
being in good agreement with that of the air. In January, the earth temp^^^a* 
ture at 1 foot was firom 2? to 8^ below the ayerage over the whole counli^i 
whilst in February it was firom 4^*5 to 6^*5 below the ayerage. The ^BJret 
seventeen days of March, however, show a much larger defect on the aver^ X^i 
the deficiency ranging from 6^*8 at Lowestoft to BP'6 at Norwood. ^Khe 
absolute range of temperature was generally much less from March 1st to 1 ^Ith 
than in January or February. At Norwood, the temperature at 1 foot *^^a8 
below 88° from March 1st to 19th, but it did not M lower than 82°*1. 
temperature of the soil at 2 feet was generally about 2° in excess of tha' 
1 foot, but at Lowestoft the excess from February 1st to March 17th 
amounted to (f'2. 

All of these &cts show that the recent winter was one of the lon^^B^ 
experienced for a long series of years, and in many ways it may be charaei^'^' 
ised as most severe. 

A very cursory examination of the ships* logs received by the Meteorologrr icai 
Office tends to show that the abnormal conditions which prevailed over ^^ 
British Islands, and, indeed, over nearly the whole of Europe, extended 
a considerable distance to the westward. Ships traversing the North 
observed a decided tendency to a low barometer in the early months of 
in the locality where a high barometer generally prevails, and to the nortb:^* of 
this low barometer, which seemed of a permanent character, strong ^^sni 
persistent Easterly winds were experienced. The principal Lightkeepei^^ ^ 
Cay Sal, who spent the winter at Elbow Cays, states that the winter was v- ' ^^^ 
cold — ^the coldest that the oldest inhabitant ever knew, and he believes ^^ 
winter was the coldest known for a long time in the Bahamas. In Ci^^^^' 
berl^d Sound, Davis Straits, the winter was stated to be the coldest ^^' 
perienced in the last eight years ; and reports from Spitzbergen also ste^^^w 
that the winter was exceptionally severe. These facts tend to show a gen^^^^ 
reversal of conditions over a great part of the Northern Hemisphere, 
doubtless would be very intimately related to our own exceptional weathei 

In conclusion, I have to thank the Meteorological Council for havin^^S ^ 
kindly placed the whole of their material at my disposal for the compilat:^^^ 
of this paper, and I would also thank the Society for the use of its retui^^^^' 
^d Mr. Marriott for the ready assistance afforded. Mr. Symons and otli^^^'^ 
have also helped me considerably by contributions of material. 




DISCUSSION. 

Dr. Tripe said that Mr. Harding had contributed a very useful paper, not (^^^ 
as affording a means of comparison with other severe winters, but also as regs^^''^ 
the effects of cold on vegetation and on man. He was surprised the other da^r^ ^ 
see a number of double fuchsias and other comparatively tender plants throw^"^^ 
out shoots. The effects on man, with the exception of one or two weeks, vr^^^ 
not so marked as in some other severe winters, in which a lower temperature ^^^ 
greater range had occurred. 

Mr. Lauqhtom hoped that Mr. Harding would be able to add to his very mtef^ 
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esting paper some notice of the remarkable extension of tliis protracted winter 
into May : an extension which, in the last week (May llth-15th), had buried the 
North of England in snow, and put a great part of the Midland Counties under 
water. 

Mr. Baldwin Latham said that from his own observations it was clear that 
the past winter had not been so severe as that of 1881. The experience of the 
past winter showed that a long winter was much more injurious to vegetation 
than a sharp but short one like that of 1881. A passion flower, which grew in 
front of his house at Croydon, was killed in the last winter, although it survived 
the winter of 1881, and a similar plant in the same position was killed in the 
winter of 1879. It was curious to note at the present time, in spite of the past 
prolonged winter, the temperature of the ground at a depth of 2 ft. 6 ins. was 
higher than it had been for some years past, and whicn, in a great measure, 
accounted for the very rapid progress made by vegetation after the extremely 
cold weather of March last. 

Mr. Dymond said that although seeds lying in the ground, and deciduous 
plants, such as fuchsias, had, no doubt, not suffered to any great extent, evergreen 
fthmbs, usually hardy, had been very severely nipped by the long continued cold. 
He had had laurustinas and similar shrubs greatly damaged, and in some cases 
killed down. 

Mr. C. 0. BuDD remarked that the weather in Italy during the winter had been 
3f a most exceptional character, and seemed to have very much resembled that 
experienced in this country. The early part of March was cold, but the latter 
half was fine. The spring was backward : on leaving the neighbourhood of 
Naples in May, the season was considered three weeks late. 

Mr. Mawley said that, as regards the comparatively little injury done to 
vegetation by the cold of last winter, and also with regard to the temperature of 
the ground at the present time, it should not be forgotten that duringUie keenest 
frosts the ground was thicklv covered with snow. At the same time, however, 
lie was greatly surprised to nnd, when pruning his roses in March, that the wood 
of many of the hardier varieties was quite sound almost to the tips of the shoots. 
He had expected to find out at once, through the discoloration of the pith, the 
exact height to which the snow had covered the plants, but this he had been 
unable to do, notwithstanding that the upper parts of these roses had been exposed 
on one night to a temperature below zero. In less severe winters he had Imown 
the shoots of his roses more seriously injured than they had been last winter. On 
the other hand, about half the gorse on Berkhamsted Common, which was situated 
high above the town, had been killed to the ground. The destruction of ibi» 
latter was, however, no doubt as much due to the snow as to the cold. 

Mr. Hawes exhibited a diagram showing the number of days of skatine on 
ponds at Weybridge, and gave some particulars respecting the condition ox the 
ice. There were in all six^-seven days* skating recorded between November and 
March. 

Mr. Gasteb said that there were three distributions of barometric pressure 
common to the winter months which produce cold weather : first, when the pressure 
is high to the North of our Islands and low to the South ; second, when the 
centre of an anticyclone lies over the central parts of the British Islands ; and 
third, when an anticyclone lies to the Eastward of, but partly overlapping, these 
Islands. This last condition was that which obtained during the past winter, and 
gave such a long speU of cold weather without any very great extremes being 
recorded. With this distribution of pressure, Easterly winds are drawn from the 
Continent across our Islands to the Atlantic, bringing with them the low tempera- 
ture of the region whence they arc drawn. There are no means of ascertaining 
the distribution of pressure during some of the cold periods in the years long 
gone by referred to by Mr. Harding, otherwise an interesting comparison could be 
made and some valuable results obtained. In the case of the severe weather of 
January 1881 the second condition of pressure prevailed, and a study of these 
pressure distributions would explain the difierent degree of intensify of cold 
experienced in the two winters. With respect to the bad weather prevailing 
during the past few days, referred to by Mr. Laughton, he remarked that when 
there were two anticyclonic areas, one lying to the northward of the other, the 
weather in the trough between the two systems was invariably of a most unsettled, 
rainy, thundery, and uncomfortable nature. 
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Mr. Scott stated that he remembered reading in Evelyn's Diaiy that at the 
close of the seventeenth century a succession of very late springs were recorded. 
(See note.') 

Bir. SouTHALL said that the floods in the Wye and Severn had never before 
been known to be so great in May as during the past week. 

Mr. SIMONS said that in the West of England tlie present floods were almost 
without a parallel. At dry stations in Shropshire, upwards of 6} ins. of rain had 
fallen in 2^ days. 

Mr. Laughton said that in the Trent valley the floods were very wide-spread ; | Q^ 
and he had been told in the neighbourhood of Retford that they were higher than 
any experienced during the last forty-five years. 

Mr. Symons remarked that he ^believed at several places 1790 was the only 
year in which the floods equalled the present. 

Dr. Marcet said that he had noticed that the hawthorn was very late in cominS 
out this year. He also drew attention to the daily change which took nlace^^ m^ 
the state of the ice in March ; while in the morning it would frequently be Deari^S 
well, by noon it became unsafe, assuming the colloid state described by Grabtf^ 
and generally known as " rotten.*' ^i 

I ** 1688, April 29. Tlie weather was tiU now so cold and iharp, by an alinoet peipeteal Bb0^ ^ 
which had continued manv monthee, that there was little appearance of kdj vjpting, yet the wint^*^^ 
Tery fttTonrable as to froet and snow.*' 

" 1692, April 24. yery odd and unaeasonable weather, eoaroe a leaf on the trees." 

« 1695, April 21. The sprinff begins to appear, yet the trees hardly leafed." 

"1698, May 8, An eortraordinazy great snow and frost, nipping the corn and other fridti.** 
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DbSOBIPTZON OF AN ALTAZmUTH AmEMOMBTBB FOB 00NTINU0U8LT BXOOB:^'^^ 
the VbBTICAL AnQLB as well as THB HoBIZOMTAL DlBBOnOM AMD Fc^^ 

OF THE Wind. By Louis Mabino Casella. (Gommanioatad ^J 
L. P. Casella, F.B.Met.Soc, F.B.A.S.) 

[Bead May 19th, 1886.] 

It appears nnnecessary to dwell at length on the existence of air oiirr0^^ 
moving in a direction more or less inclined to the plane of the horizon, ^^J 
to any one at all acquainted with meteorology they most be an accepted ^ ^ 
not a self-evident, fact. 

Irrespective of the inclination to the horizontal plane of the greater 
currents, such as those shown upon Maury's well-known diagram, it is evid< 
that the irregularities of surface, in all but the most extensive plains, 
tend to throw air currents into motions more or less inclined to the plane of '^^^^ 
horizon. But most of all is it evident that observatories and other hxuldxf^^^^ 
are certain to affect air currents both horizontally and vertically, so '^ 
probably scarcely any pressure plate yet erected has experienced a winl 
right angles to its surface. 

The existence of currents inclined to the plane of the horizon (which 
for the future be spoken of simply as inclined currents) being conceded, 
necessity for the study of their inclination and velocity is at once appare^^ 
inasmuch as the primary object of meteorologists in studying the directL^^''^ 
and motion of the wind is to arrive at the laws which govern the circulati^^^ 
of the air by ascertaining the quantities which pass over and away bat^^ 
fixed points. 
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The fact of the existenee of such onrrents having been reoognised by 
meteorologists for, at any rate, a considerable number of years, it appears 
remarkable that little or no discussion of the subject has taken place at the 
International Meteorological Congresses, but such is believed to be the case ; 
the matter was referred to at Borne in 1879, by Professor Plantamour and 
Dr. Wild, but was scarcely considered. 

The instruments chiefly used for measuring the velocity and force of the 
wind are Robinson's Cup Anemometer and Wild's Swinging Pressure Plate ; 
there are also some of Osier's Pressure Anemometers and similar instruments 
in use, but the number is comparatively small. 

Bobinson's Anemometer, although it receives the true horizontal com- 
ponent of the wind whether the currents are ascending or descending, is 
unsatisfiEUitory, inasmuch as its co-efficient has not been definitely settled, 
and apparently varies with the length of arm and size of cup ; nevertheless, 
no fixed rule of construction has been adopted, and the instruments in use 
vary indefinitely in both particulars, with the results that their indications 
are not comparable inter 9e. 

Wild's Pressure Plates, although more comparable one with another, are 
open to a different objection. The plate being pivoted at the top, presents 
a varying angle to the wind when inclined fix)m the vertical, with the result 
that while an ascending current will strike it at a right angle a descending 
current will meet it at a very acute angle. 

It is impossible to say at what date the inclination of the air currents was 
first considered ; but more than 100 years ago an anemometer for indicating 
inclination currents was designed, and several have been described since. 
Ur. J. E. Laughton, in his Historical Sketch of Anemometry and Anemometers,^ 
mentions the following instruments designed to indicate inclination cur- 
rents, and gives references to the works in which they are described and the 
dates at which the descriptions were published ; there is, however, no proof 
that these anemometers were all practically tried or even constructed : — 

Date. Inventor. Where described. 

1781. Dalberg. Bozier, Observations sur la Physique, Vol. XVII. 

p. 488. 
1801. Benzenberg. Gilberi'sAnnalen,yo\.YSl.i^MO. 
1840. Cacciatore. Annuario della Societa Meteorologiea Italiana, 

Vol. I. p. 201. 
?1855. DoUond. 
1856. Hennessy. Brit. Ass. Rep. 1856, Part 11. p. 40 ; and 1857, 

Part n. p. 80. 
1881. Dechevrens. Sur Vlnclinaison des Yents (Observatory of 

Zi-Ka-Wei). 

With the exception of the last of these nearly all exhibited merely the in- 
clination of the currents from moment to moment, and did not give a 
continuous record ; but Dechevrens', the most recent, although indicating 

» quarUrl}f /ourruU, Vol. VIII. p. X61, 
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only the horizontal and vertieal directions of the wind, and taking no 
account of its Telocity or force, is self-recording and is worthy of a short 
description. 

A balanced doable yane, i.e. a vane with both vertical and horizontal plates, 
is mounted on a horizontal axis, supported by a copper stirmp, soldered to 
the extremity of a tubular shaft which descends into the Oheeryatory. At 
the lower end of this shaft is a zinc cylinder floating in a Teasel of water 
and c^ycerine ; this cylinder supports the shaft, Tane, driTing dock and 
drum for recording the inclination of the air currents, and being unattached 
to the Tessel in which it floats, turns fireely with CTery direction of the yane. 
Attached to the axis on which the Tane swings is a grooTed pulley, OTer 
which passes a light chain, one end of wiiich is fixed to the pulley and the 
other end passes down the Tertical shaft to the top of the zinc float, ^ere it 
giyes motion to a li^t metallic leTer which traTcrses the shaft by two longi- 
tudinal slits ; this IcTcr carries a pencil which traces an arc of a drde on a 
cylinder driven by a dock. The whole of this apparatus being, as before 
mentioned, carried by the float, turns with it as the wind diifta. The 
horizontal direction of the wind is recorded on a separate shert. On the 
vertical shaft carrying the vane there is a fixed toothed whed, wiiich engages 
with a similar toothed whed fixed to a paper covered cylinder ; this cylinder, 
therefore, turns to the same extent as the vane, but in an opposite direction; 
a pencil is drawn along it by a dock, and the position of the pendl mark on 
the paper indicates the direction of the wind at any moment.^ 

This instrument appears to be of a rather dementary description and 
somewhat incomplete, inasmuch as it records ndther the vdodty nor the 
pressure of the wind ; and dthou^ the indication of the inclination is all 
that could be desired, the method of obtaining the horizontal direction by 
carrying the whole apparatus on a float seems unsatisfactory, and the amount 
of work thrown on the vane must be very great. 

As so frequently happens, one inventor works without knowing what his 
predecessors have done, so, until my anemometer was completed, I had no 
idea that any instrument had been constructed for indicating the inclination 
of air currents. The anemometer which I have designed and constructed, 
and now have the honour of exhibiting to the Boyd Meteorological Society, 
diflers in nearly every respect from that of Dechevrens and all the others of 
which I have heard, recording continuoudy on one sheet of paper the pres- 
sure, direction and inclination of the wind with all its changes, the pressure 
plate being dways maintained truly at a right angle to the wind. I have 
adopted a record of pressure, in preference to one of velocity, for the reason 
mentioned before, viz. the uncertainty attaching to the indications of Robin- 
son's cups or any other description of fjan, inasmuch as the co-efficient of such 
cups or fans has not been satisfioctorily ascertained. 

1 Deohevrens in his pamphlet {Sur Vlnclinaiion de$ VenU, Chang-hai, 4to. 1881) 
fignres also a vane of this desoription, with a set of Bobinson's cups attached to it, bqt 
does not describe it or craggest any method of recording its indioations, 
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In this description the three 
aomewhat generally, a detfuled 
Chfl patent.' 

The apparatnB for indicating 
^ig. 1.) oonstrnoted of a pair oj 
as to rotate about a vertical axia, 
"bj a Tertical tubular shaft 
to the registering meobanisn). 



reeordB will be dealt with separately and 
aoeonnt being given in the Bpeoi£cation of 

the direction of the wind oousists of a vane 

i diverging blades fixed to a cap, mounted so 

the motion of this vane being transmitted 

downwards through the usual fixed column 

This tubnlar abaft, called the direction tube. 




is made to operate the styles which record its movements through the 
medium of pinions and wheels, conveying motion to two discs, which are 
made to carry pencils in a vertical poaition and cqai-distant ; three styles 
are used, so that one is always ready to enter on the scale at one side when 
another leaves it at the other side. (Fig, 2, p. 260.) 

The apparatus for indicating the inclination of the wind, that is, its diver- 
gence from a horizontal plane, consistB of a similar vane (composed of a pair 
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ti rollers, so arranged that the weight moves to a proportionate extent in 
16 opposite direction to the pressure plate, so as to mamtain the balance of 
16 vane in all positions of the pressure plate. The motion of the pressure 
late is transmitted to the apparatus for measuring the force by means of a 
hain attached to the guide rod of the plate, and passing down over a pulley 
lurough the tubular shaft of the inclination vane. To prevent the weight of 
his chain affecting the accuracy of the records, it is exactly balanced by a 
ounterpoise hanging in a easing carried by the cap. In this way the pres- 
ure plate is kept perpendicular to the direction of the air cmrent, not only 
Q azimuth but also in altitude. 

The apparatus for measuring the pressure consists of a cistern containing 
aercury and a displacement plunger immersed therein, connected to a frame 
»f guide rods joined together above and below the mercury cistern, which 
rorks up and down against guide wheels mounted around the cistern, the 
ihain being attached to the bottom of the frame. The plunger has a varying 
utio of displacement for successive depths of immersion, so that the scale 
nay be open for the smaller and compressed for the greater (and less frequent) 
)ressures. In order to check the motion of the plunger and avoid inaccuracy 
n the indications, due to the momentum of the parts, the lower end of the 
)lunger is provided with a disc fitting more or less closely to the sides of the 
nereury cistern, so as to prevent the too rapid passage of the mercury from 
>ne side of the disc to the other. Great care and consideration have been 
levoted to this part of the mechanism, the most suitable size for the disc 
leing decided by actual experiment, so that, while the evils due to momentum 
xe avoided, the registration is not rendered at all sluggish, the pencil in the 
Qstrument exhibited returning to zero in three seconds after displacement. 

The frame is connected to the carriage of the marker for registering the 
aotions of the plunger by means of a bell-crank lever. The carriage carrying 
he recording pencil is mounted to travel upon rollers running upon the 
)ppo8itely bevilled edges of a horizontal bar and rollers running on the 
Tont and back surfaces, by which it is truly guided with the least possible 
Motion. The markers are all metallic, sliding in sockets and pressing by 
their own weight or by springs on the paper. The scales for the different 
records are marked upon a single sheet of paper wrapped round a cylinder, 
rotated at a uniform speed by a clock movement in the usual manner. 

Throughout the whole apparatus the greatest care has been devoted to the 
construction, so that friction is reduced to a minimum, almost all moving 
surfaces running on rollers; at the same time all the moving parts are 
carefully counterbalanced by moving weights, so that, no matter to what 
extent they may vary from their normal position, they are always truly 
balanced. 

The plunger in a cistern of mercury for receiving the pressure of the wind 
acts with perfect success, and obviates the well-known difficulties attaching 
to springs on account of their varying elasticity, which is affected by the 
constant changes of temperature, and abo their gradual deterioration ; weights 
also are unsatisfactory, as it is almost impossible to overcome their momen- 
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, which, in gusty weather especially, has a tendency to exaggerate the 
>rd both of the force of the wind daring gosts and its diminntion daring 
J. 

The apparatus has been in action for about six months, mounted on the 
of of a building in Holbom about 80 feet aboye the ground and 20 feet 
>OTe the roofis of the houses. Seyeral of the record aheets are exhibited to 
le meeting. 

As would naturally be expected in such a position, the inclination from the 
lorizontal plane is very great and yaries rapidly and fre^ently, vAnle at the 
same time the records of pressure are in all probability too small. 




n 




tr-S .s 



DISCUSSION. 

Mr. Lauohton thoaght that the register of inclined pressure shown by this 
instrument might give a false idea of force of wind, especially in the case of 
anemometers placed on hi^h buildings ; for their records womd indicate tlie 
upward force of the accumulation of air against the wall of the buUding. In his 
opinion the proper position for anemometers was on the top of a pole in an 

open plain. He asked if Mr. Casella had any reason for making the pressure _, 

plate one foot and a half in area, as pressures are generally quoted in pounds j;^-, ^j, 

per square foot, and, as existing observations do not show that the pressure un 
one square foot is Jrds of that on a foot and a half, it seemed almost a pity that -^ -mmt 

the size of the plate had not been restricted to the unit of measurement. 

Mr. Stanley said that some years ago he constructed a vane for the purpose 
of testing the angle of the wind's inclination. This vane was made in such a 
manner that, if necessary, it could turn completely over. The indications of 
this instrument were observed for some time, and he had found it often showed 
an inclination of 30° or 40°, and frequently toppled right round. Mr. Case]la*s 
plan of the plunging rod in mercuiV he had himself patented as a part of an 
instrument in 1872, but he was sure that Mr. Casella had re-invented this plan. 

Mr. Scott stated that at the International Meteorological Conn-ess of Vienna, 
in 1873, the late Prof. Donati announced that he had constructed a wind vane to 
show the direction of the wind in altitude and azimuth (Vide Report of the Con- 
gress of Vienna^ p. 18). 

Mr. Kamsay inquired whether a description could be found anywhere of the 
instrument used by Prof. Hennessy in his experiments on the inclination of winds, 
which were embodied in a paper read before the British Association. ^^.v 

Mr. Symons said that Mr. Laughton's criticisms of tlie indications afibrded by ^Ic 

this instrument were equally applicable to most of the anemometers erecied. He ^^ee 

thought it was extremely important that the verticfd component of the wind force ^ ^c 

should be registered. The novelty of Mr. Casella's instrument was that all three ^^j^ 

elements, direction, pressure, and inclination, were recorded by it simultaneouslv. ^^S 

Mr. J. S. Harding said that the Fellows might be interested to know that In ^>^ 

the last published number of the Bollettino Mensuale delta Soeieth Metearologiea ^o 

Italiana Tfor February 1886^ there was a description of a "Modification of w^^ 

Denza^s Anemograph, for ootaining the direction of oblique winds, and for 
obtaining greater sensibility in Kobinson^s Windmill- vane,*^ by F. Cravero. The 
tail of the wind- vane is formed of a hollow cone, around which are soldered four 
valves, arranged in the vertical and horizontal planes. The arrow-head has a £^rh 

counterpoise which keeps the vane in equilibrium when there is no wind. The g-jn 

anemometer records both the direction of the wind and its inclination npon the g^w 

same paper, both being traced continuously by two pencils. The angle of the ^^ 

wind^s ooUqui^ is easily calculated from the trace, as this occupies a place to the 
left or right of a zero line on the paper, according as the axis of the vane is 
inclined below or above the horizontal. The article is accompanied by plates 
illustrating the working of the anemometer. 

Mr. Archibald said he had found, in the course of his experiments with kites, 
"^'** they rose higher with some winds than with others. For instance^ he had 
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»ticed that the kite rose higher in West winds than in North-east or East winds 
owing with equal force. He supposed this must be due to inclination, some 
Inds having a downward tendency. His kites rose best with North-west winds. 
8 thought that anemometers should be placed much higher than they usually 
8. In going through some volumes of meteorological observations made in 
idia, he nad found that although the anemometers were placed at heights vary- 
g from 5 to 70 ft. the observations were treated as being of equal value. It 
as very desirable that the International Committee should settle upon an 
df orm height for the erection of anemometers. 

Mr. SouTHALL said he was about to erect a vane, and should very much like to 
low the most suitable elevation at which it should be placed. 
Mr. Lbckt said there were many good points about Mr. Casella^s instrument, 
id it was a distinct advance in the right direction. 

Mr. W. H. Dines thought that it was more important that anemometers should 
) placed in a position free from the eddies of trees and buildings, than that they 
tonld all be placed at the same absolute height above the ground. From some 
>agh experiments which he had made, he believed that an anemometer would be 
(ond in many cases to show from thirty to fifty per cent, more wind when 
aced 10 feet above the roof of a house than when placed 20 feet above the 
jne house. He also thought inclined currents must be quite local, for an 
>ward current could not exist over an extensive area without very quickly 
diaustine the air from the centre at least of such area, a phenomena which 
)rtainly did not occur. 

Mr. L. P. Casblla, replying on behalf of his son, who was unavoidably absent, 
dd that in considering the question of anemometers and their indications it was 
ways desirable to remember to what uses the indications of the instrument 
ere to be applied, whether for engineering purposes or for meteorological 
arposes alone, to both of which the nresent one was equally adapted, whether 
I indicating the an^le direction ana force of the gust that blew down the 
ay Bridge, or direction and power of the wind at the higher altitudes attained 
f the kite to which Mr. ArcMbald had referred, as such considerations must be 
salt with in placing the instrument as well as in reading its indications. Ro- 
urding the size of the plate, he believed that it was not necessary that it should 
3 lindted to 1^ foot in area. The plunging rod arrangement had been adopted 
I preference to springs, which were liable to corrosion, and also because the 
idications could be registered with greater ease and certainty by using mercury 
I the manner adopted in this instrument. 



Iabth Tbmpebatuebs, 1881-1885. By William Mabbiott, F.B.Met.Soc, 
Assistant-Secretary. 

[Bead May 19th, 1886.] 

^BSBBVATioNS of tho temperature of the soil at various depths below the 
irfJEUse have been regularly made at several of the Society's stations during 
[le past five years. I beg to submit the results of these observations, and 
Iso of those from other stations where observations have been made during 
ny part of the lustrum 1881-1885. 

The observations have in almost all cases been made with Symons's Earth 
liermometer. The apparatus consists of an iron pipe driven into the 
round to the required depth, and a small but strong thermometer, the bulb 
f which is so protected that no change of indication occurs when the ther- 
lometer is drawn out of the tube for reading. The pipe is closed at the 
ottom by welding, and the point hardened so as to penetrate the soil with 
asa and to keep it water tight. For depths under two feet the thermo- 
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meter is inserted in a light rod, but for all greater depths it is mounted in a 
short weighted stick attached to a strong chain. The top of the pipe is 
closed with a tight fitting brass cap. 

The instruments are placed beneath the soil in open situations, and are in 
all cases under grass, though at some of the stations the grass extends only 
a short distance from the instruments. 

Observations have been made at the depth of 8 inches at two stations ; at 
6 inches at five stations ; at 1 foot at twenty stations ; at 1^ foot at one 
station ; at 2 feet at eight stations ; at 8 feet at one station ; and at 4 feet at 
six stations. 

The readings have been taken once daily, viz. at 9 a.m. 

Table I. gives the mean temperature of the soil at the various depths for 
each month and for the year, together with the highest and lowest observed 
readings and the dates of their occurrence daring each year. 

As the observations are only taken at 9 a.m., no information can be 
obtained as to the character and amount of the diurnal variation of tempera- 
ture at the various depths beneath the soil. Some years ago Mr. Symons 
discussed the observations made at the Royal Botanic Society's Gardens, 
Regent's Park, during the six years 1871-76, and found that the results for 
July showed ** that the temperature of the soil, 8 inches deep, rises from 64^-9 
to 75° between 9 a.m. and 8 p.m., falls from 75° to 67°'2 by 9 p.m., and 
probably still lower during the night, rising again to 64°*9 by 9 a.m. the 
next day. The 6 inch thermometer shows similar changes but to a lesser 
extent, and as the 9 p.m. temperature is 4°'9 above that at 9 a.m. it is 
evident that both the minimum and maximum temperatures occur consider- 
ably later in the day than at 8 inches below the surface. The 1 foot thermo- 
meter shows 2°'8 difierence between 9 a.m. and 9 p.m., and an exactly 
intermediate reading at 8 p.m. ; it is therefore probable that the soil at a 
depth of 1 foot is coldest at 9 a.m. and hottest (not at midday) but at 9 p.m. 
At 2 feet below the ground the temperature at the three observation hours 
only differs by 0°*1, being identical at 9 a.m. and 8 p.m., and 0°*1 colder at 
9 p.m. The 4 feet thermometer shows no difierence whatever. In winter 
these daily ranges are of course very much smaller, in fact, scarcely one-tenth 
of what they are in July." 

Table 11. gives the mean monthly and annual temperature of the soil for 
the five years 1881-85 for such stations as are complete for that period. 

Table HI. gives the mean monthly and annual temperature of the air 
(mean of maximum and minimum) for the same stations during the same 
period. 

On comparing the results in these Tables it will be seen that the tempera- 
ture of the soil at 1 foot at nearly all the stations in the winter months is 
almost the same as that of the air, while in the other months of the year the 
temperature of the soil is higher than that of the air at all except the London 
stations. This is no doubt due to the fact that in winter there is but little 
power in the sun's rays to afiect the temperature of the soil, while in the 
other months of the year* as the sun rises earlier, he has greater power to 
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TABLE U. 
Mean Eabth Texp£batube, 1881-1885. 



SUiion. 



3 Ins. 

Aspley Guise . . 

6 Ins. 

Aspley Ooise . . 

Marlborough . . 

Babbacombe • . 

1 Ft. 

Lowestoft • 

Aspley Ouise . . 
Begent^sPark .. 
Isleworth ..... 

Norwood ...... 

Marlborough.... 

Southampton . . 

Cardiflf 

Cullompton ... 
Babbacombe .... 

IJFt. 
Marlborough . . . . 

2 Ft. 

Aspley Guise . . 

Islcworth 

r^westoft ...... 



c 



o 
369 



37'» 



£ 




388 



I 






388 

376 

38-5 
387 
38-7 
40*8 
41'^ 
407 
42-4 



40*1 46*3 

i 



o 
54*9 



39-2 40'5i46*i 53'8 



S 






^ 



o I o o 

61*8 65*1 62*2 



40*1 

39'4 
40*0 

40*2 

40*1 

404 

42-2 

4)^-6 

42*4 

44-0 



39.5 407 



407 
39-2 



3-2 Ft. 

Greenwich . . 

4 Ft. 
Aspley Onise 
Bogent*8 Park 

Cnrdiff 

Lowestoft .... 



41*4 46-5 526 

411! 463 53*5 
407 454 

417 46*6 
41*3 46*0 



6o*5 
60*1 



64*2 
63*4 



41' ff 4€'9 



437 
42-9 
43-6 

45*3 



48-5 
471 

47*3 
49*6 



42*5,46 8 



52-9 
537 

5*7 
54-2 

54*5 
52-5 

53*5 
55-1 



583 62-5 
60*2! 64*1 



592 
596 

587 
60*5 

6o'o 

58-4 

591 

60-8 



S97 



53-2| 59*5 



41-3 42-81467 52-8 585 



631 
63*2 
627 
637 

633 
61-8 
622 
63*8 



61*9 
6i*5 



6i*3 

62*1 

6i*9 

6i-o 

61*4 

623 

622 

6rr 

6r8 

63*6 



62*9 62*4 



63*5 62*6 
62*3 62*2 



40*2 41*5:46*4 52*4158*3 62*5 61*9 

I I 
41*742*7 43*7' 46-8 51*8 57*8 62*1' 62*6 



41*9 41*8 430 457 503 55*8 597 604 
42041 2 41*9 440 4871 549, S9« 603 

.. .. I .. I .. I .. I .. .. 577 
42*2 420 42-8 45*7 498, 547' 587 59 ' 






o 

568 



57-0 

56-5 
59-0 

57-3 
57-2 

57-o| 
577 

5r« 

57-8 
585 

57*3 

577 
60-1 



585 

58-4 
588 

58-2 

597 

58*0 
58*2 
568 

57' 



I 






010 o 

48-0 41-9 37*( 



48-5 42-5 
47-8 42-4 
51-9 47-2 



50-2 447 
49*o| 43*o| 



49*5 
50*1 

497 
49*6 

51-2 

509 



43*9 
44*o 

43*9 

439 
46*3 

46-4 



507 46*1 



53*4 
51-1 

51-4 
5»*4 
5«*5 



48-4 



381 
382 

422 



40*2 

385 

399 

397 

39*7 

394 
42*0 

41-3 

41 

43*51 



45*2 40*7 

45*3 408 
468 42*3 
45*7 40-9 



54*3 49*o 44*6 



53*3 481. 437 
53*2 480 43*9 

54*1 508 47-6 

5**7; 47-9, 438 

I I 



5 
5 



5 
5 



> 
4- 



■3 
-6 



''I 

\ 
\ 

-1 

-6 



/ i 



TABLE III, 



Mean Air Temperature, i 881-188 5. 



Sintion. 



Lowestoft 

AHploy Guise 
llogeiit'fl Park . . 

1 rile worth 

Norwood 

(ireonwich 

Marlborough . . . . 
Southampton . . 

Cnidifr 

Cullompton .... 
Uubbacombe .... 



c . 'Q 



3?-3 

37*3 
388 

38-2 

387 
38-4 

37-8 

387 

39*9 

399 
41*6 



o 

409 

40*6 
42*0 
42 'O 
42*1 

41*9 

41*0 

42*2 
427 
42*6 






o 

412 

41*0 
42*6 
42*4 
41*4 
424 
41-0 

42*3 
42*9 

42*4 



In 



43*8 436 



o 

45' 
456 

47*5 
47*4 
470 

47*4 

45'4 
469 

47*4 
46-3 

46*6 



& 



o 

50*6 
51*6 

53*5 

53' 

53*' 

53-8 
51*3 

52*1 

529 

517 

5'*9 



0) 

a 
a 



O 

6o*6 



o 

55-8 

57*1 6i-2 
58*9' 63-0 
58*8| 624 
58*6! 62*6 

59*3! 637! 
567 6o*5 

57*6; 60*8; 

58*0. 6l*2 

56*8] 6o'i 

57-0 6o*3 




60*2 56-6 
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warm up the snrfiace of the soil, and there is also a longer interval between 
the time of the minimum air temperature and the 9 a.m. observation. 

At the London stations the temperature of the air and soil agree very 
elosely tfaroo^out the year, especially in the summer months. This appears 
to be due to the natnre of the soil, which is clay. 

At Aspley Guise ihe^ is a much greater range in the temperature of the 
soil than at any other station. At this place the soil is very light, being 
of a sandy pature. 

Mr. Buchan has shown **that light soils are subject to a greater degree of 
^ost near the surface than strong clay soils, but that frosts do not penetmte 
lo far down into light soils as into strong clay soils, the explanation being 
iiat light loose soils are worse conductors of heat than strong clayey com« 
>act soils. Hence the heat which is radiated to the ground from the sun 
luring the day, being less quickly conveyed downwards into light sandy soils 
t>y conduction, will be left to accumulate, so to speak, nearer the surface than 
in the case of strong heavy soils.'* {Joum. Scot* Met, Soc, Tol. 11. p. 277.) 

Possibly the clay, being a damp soil, may be cooled by the evaporation of 
■ome of its moisture on the surface. 

The results show that the warmest year was 1884, and the coldest 1885, 
and in some cases 1881. The mean temperature at 1 foot in 1884 was 
about 2° warmer than in 1885. 

The highest temperature observed at 1 foot was 78^*2 at Aspley Guise in 
July 1881. The lowest temperatures observed were 27^*0 at Aspley Guise 
and 81^-2 at Isleworth, both in January 1881. These are the only stations 
where frost penetrated the soil to the depth of 1 foot. 

It is to be hoped that at the end of the next lustrum there will be a much 
larger number of complete returns available for instituting a more detailed 
comparison between the temperature of the air and the temperature of the 
soil. 



Note on the After-glows of 1883-1884. By Abthub W. Clayden, M.A., 
F.R.Met.Soc., F.G.S. 

[Bead May 19tb, 1886.] 

Thb appearance of Professor Ricco's paper* on the after-glows and attendant 
phenomena, coinciding with the publication of Dr. A. Iiiggeubach*s pamphlet' 
on the same subject, has, to a certain extent, reopened the discussion upon 
their cause. 

If the attention be confined to the optical effects, which are too familiar to 
need description, there seem to be two theories of their origin, first, that 
those effects were produced by the dust ejected from Krakatoa during the 

1 Quar. Jour, Roy, Met, Soe, Vol. XII. p. 49. 
s See Review in Naiuret Karoh 2$th, 18$6, 
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great ernpiion in Snnda Straits in Angast 1888 ; seeondly, that they wer*^ ^^ 
consequence of an abnormal humidity of the air, I wish to make a -fcliurd 
suggestion, which to some extent reconciles the two, namely, that the c^^^^i^ 
is to be found in the water vapour erupted from the volcano ; and that^ ^^ 
dust and other ejecta played but a secondary part in the production oC ^^ 
phenomena. 

That there was a real sequence of events clearly and unmistak^^^^b 
traceable back to the eruption was shown, almost beyond question ». ^ 
long ago as December 8th, 1888, in Mr. Norman Lockyer's article iim ^^ 
Titnes. 

It is well known that in an explosive eruption such as the one referred ^ 
the chief substance crjected is steam. Mr. Lockyer, in the Times arim^^^^' 
himself says '* millions of tons of matter, and perhaps millions of c^^^^^^ 
miles of vapour, have been hurled into the upper air." He explains at leim^^^ 
how water vapour could have produced the phenomena, and then goes ow^ 
argue that dust might very conceivably be able to do the same. 

The dust theory seems to rest upon the following points : — 1. The eviA^^"^ 
connection between the eruption and the phenomena. 2. During that erupi^- 
dust was thrown out in enormous quantities. 8. The phenomena could h: 
been produced by volcanic dust. 4. Small quantities of such dust vr* 
observed to fall in various places very far removed from the seat of 
eruption. 6. The evidence of the spectroscope. 

The first three points apply still more forcibly to the far larger quantit^^ __ ^ 
vapour. The fourth is no argument to the contrary, because small quanti^^^^^ . 
of dust must inevitably be swept along with the vapour. The fifth poinO^ 
of much greater importance ; for what was this evidence ? Lockyer t L^ * ^ , 
sums up Professor Piazzi Smyth's report : — " The rainband, a band produc^^^^ 
as I hold, by a special form of aqueous vapour in our air widely different frc^-^ . 
that which absorbs the blue, is now at a minimum, while the dry air band ^^ 
at a tremendous maximum. He adds as a corollary — * The light, therefoi 




from that red haze has passed through an extra length of extra dry air.* " 

This seems to effectually dispose of the theory which refers the phenomei2i9 
to exceptional humidity of the air, but it is no obstacle whatever to the theory ^ 

I would suggest. Just as it has been shown that the great dust cloud might ^ 

spread itself out into a thin layer encircling the earth, so also would the much 
vaster cloud of vapour which must have accompanied the dust. 

Now it has been calculated that the height of the reflecting medium must 
have been about 40 miles. Let A T T* X represent a part of the earth's 
circumference, with a thin stratum of ordinary cirrus cloud at B at a height 
of 10 miles, and another thin film of cloud at the altogether abnormal height 
of 40 miles. Then if we neglect the effect of refraction, B^ B A will represent 
the course taken by the last ray reflected to A from B, while C* C A is that 
taken by the last ray reflected from C. Now calculation shows that if the 
radius of the earth is taken at 4,000 miles, B^ B A is equal to about 1,130 
miles, while C^ C A is no less than 1,700 miles ; the additional distance being 
twice CB, and bemg wholly confined to the upper and drier regions of the 
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atmosphere. It is thus clear that so far as the rainband and dry air band are 
concerned, the di£ferenco in level of C and B is sufficient explanation. 




This does not exhaust the spectroscopic evidence. Other absorption bands 
make their appearance, but these may have been caused either by the extra 
distance passed in very rare air, or quite possibly by some of the other ejecta, 
such as dust, sulphur dioxide, hydric chloride, and so forth, some of which 
would most probably travel with the vapour and exert their influence upon 
the sun*s light at C^ The fact that the rainband was at a- minimum during 
some of the most brilliant displays may surely be explained by saying that 
it was when the air as a whole, or rather in its lower and denser portions, 
was driest it was also clearest, and so allowed both a brighter light to fall on 
the reflecting substance, and the reflected rays to be seen best. 

It seems then that the spectroscopic evidence does not in any way prove 
thai the reflecting stratum was not chiefly cloud, necessarily composed of 
minute particles of ice. 

That dust could remain suspended for a great length of time of course none 
can doubt, but water vapour could most certainly remain longer. Even the 
cloud particles condensed from it would not weigh more than one fifth as 
much as equally small particles of dust, while the uncondensed vapour, 
weighing only about five eighths as much as the dry air beneath, would float 
until difiusion had mixed it with the air. Indeed, it does not seem so very 
wonderful to suppose that of some " millions of cubic miles of vapour " 
projected through the atmosphere into a region where the pressure is a mere 
fraction of an inch, enough should have escaped immediate condensation on 
the spot to expand into a layer surrounding the earth and floating alofl for 
months. The low pressure is a point of some importance because it will 
facilitate the expansion of the vapour, and will account for the extreme 
fineness of the precipitated particles^^ but will make it much more difficult 
to understand dust floating for so long. 

Finally, if the phenomena were due to dust only, how is it there ore so few 

^ See Natun. 
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records of the fall of Tcrieanie dost ? Snrdy it shoold hftve been notieed^ >t 
least in those parts of the world irtiere the effects were strongest, whero^^er 
there were observers to observe. If, however, they were mainly eansed l^y 
water vapour, the condensed particles would slowly descend and evaporate u^ 
the lower regions of the atmosphere. 

It seems to me that if we suppose the great dust cloud to have spread ^zsnt 
along the upper surface of our air till it formed a layer ooicircling the ^o^fce, 
while the water vapour, which must have enfolded each dust particle in. its 
own much vaster volume, was all condensed in a short time, we have thess a 
phenomenon more wonderful and inexplicable than all the other 
attending that great catastrophe. 




DISCUSSION. 

Mr. Archibald .^aid that Mr. Clayden had only looked atone side of the 
All his calculations were based upon the assumption that the secondary glow 
the reflection of the direct rays from the sun, whereas it was certain fronm 
examination of the information received that the secondary glow was a reflect '^ 
from the primary. This really disposed of the whole of Mr. Clayden^s argum^ 
a.s the height of the dust was thus reduced from 40 to 13 miles. He then ref e ^ 
to spectroscopic observations made in Madras and Edinburgh, which confin 
the dust theory, and remarked that the experience of astronomers served to 6^3 ^th 
that the effects were most certainly due to something besides water vapour. M^ 
regard to the possibility of dust remaining in suspension for a long time at 
great heicht, a formula of Prof. Stokes showed tnat the dost coula be as ei 
suspended at a great height as at the eartli^s surface. 

Mr. Stanley said the laws of vapour were well known. At certain altitie 
the tendency of vapour was to condense and descend in!drops. Mineral partic:^^ 
could not condense. In a paper read before the Society,' he had considered 
possibility of the after-glows being due to fine dust particles remaining floati 
in the upper air from Krakatoa. lie had since thought of two conditions wh: 
would strengthen his hypothesis : — 1. That the heat of the volcanic erupti 
would form an upward current or climbing through the air, which would cai 
tine (lust particles up to a distance much beyond that due to the force of th* 
original progression. 2. That a particle projected from the earth would cai^^ 
with it a minus velocity e([ual to the difference of circumferential velocity > 
the original place, and at its final place of extreme projection, and this woial^^" 
form a factor of horizontal projection where gravity would have small in(luenc^^«& ^ 
and very rarified air less resistance than near the earth. ^^s 

Mr. KAMSAY inciuired at what temperature it was po;ssible for all aqueous *^4^ 
va])oiir to be withdrawn from the air, and instanced such temperatures as those 
regi-^tered in the Arctic regions, ^^g. 

Mr. Clayden, in a note to the Secretary, said that he did not see how the <%* 

rctluction of the height of the reflecting mntcrial from 40 to 13 miles disposed of s 

liis ar;;uinents. If the light of the secondary' glow was a double reflection it ^- 

nuifit liavc i>H8sed through a thickness of about 645 miles of air more than the 
light from a |)rimarv one. The argument, therefore, remained unaltered, though 
resting on a somewhat different basis. He had not attempted to deny that the 
eftects may liave been partly due to dust, nor that great (}uantities of dust may 
liave remained suspended for some considerable time. What he maintained wa» 
that wherever dust went, there also must water vapour have gone in much 
greater (|uantity ; and therefore there is r prima facie reason for attributing the 
effects chiefly to it. The advocates of the dust theory do not seem to have yet 
adduced any argument to the contrary ; nor to have attempted any answer to 
the (juestions suggested in the last paragrai)h of his note. 

1 Quarter! J Journal^ Vol. X. p. 187. 
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The Floods of May 1886. By William Marriott, F.R.Met.Soc.» Assistant 
Secretary, and Frederic Gaster, F.B.Met.Soc. 

[Read June 16th, 1886.] 

The month of May 1886 will long be remembered for the heavy rains that • 
occurred between the 11th and 18th, and the disastrous floods they produced 
over the greater part of the West and Midland Counties of England ; at 
Worcester the flood was higher than any that have occurred there since 
1770, 

Rainfall. — On Tuesday and Wednesday, the 11th and 12th, heavy rain 
fell over the East of Ireland, there being more than 8 inches during these 
two days at several places in the Counties of Down, Dublin, Meath and 
Wexford, and also in the Isle of Man. The greatest falls reported were : — 
3*52 ins. at Eilkeel ; 8*44 ins. at Fassaroe (Bray) ; 8*84 ins. at Seafordo ; 
3' 17 ins. at Navan; 8*01 ins. at Newtonwards; and 8*28 ins. at Cronk- 
bonnie, Douglas, Isle of Man. Several streams overflowed their banks, and 
traffic on the County Down Railway had to bo suspended. 

Over the other parts of the United Kingdom the rainfall on the 1 1th was 
under 1 inch. 

Rain, however, commenced falling about noon on Tuesday, the 11th, over 
the Midland Counties of England, and continued, but with increasing inten- 
sity, till Friday morning ; the duration at most places being about sixty and 
in some places nearly seventy hours. 

The heaviest fall occurred in Shropshire, where during the three days more 
than 6 inches fell at several stations, and at Burwarton as much as 7*09 ins. 
was recorded. At Church Stretton, 4*12 ins. is reported to have fallen on 
the 18th. 

The accompanying Table gives the rainfall for all stations at which the 
total during the three days, May 11th to 18th, exceeded 2 inches. 

The distribution of the rainfall is shown in fig. 1 fp. 272). From this it is 
seen that five inches or more of rain fell all over the South of Shropshire, and 
also near Shefiicld ; four inches fell over Shropshire, Hereford, Monmouth, 
Montgomery, and parts of the adjoining counties ; and also on the borders 
of Derbyshire and the West Riding of Yorkshire. Three inches fell over the 
Western Counties, Nottingham, Derby, the East of Wales, the Isle of Man, 
and parts of Counties Down and Dublin. Two inches fell over the whole of 
tlie Western Counties, portions of the Midlands, Lincolnshire, Yorkshire, 
Lancashire, nearly the whole of Wales, and the Eastern parts of Ireland. 
One inch and upwards fell over nearly the whole of England, and the greater 
part of Ireland. In Scotland very little rain fell, the greatest amount during 
the whole period being 0*29 in. at Nairn. 
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I'lVfuiiir, Till' iliHti'ilmliiiii of ntuiiiNiiliiirit prtJBsuru imd the wind "I^^^aw 
liru\'nilt'il ihtriu^ tliia jicriotl were of a most complex character. On L*"^^ 
iiiorninK »f tlio 11th, two high-prussure systems were prevalent — one dtc^ 
Iho IK'riuii IViiinBiila mid the Bay of BUcny, the other off the north (^^^ 
Hcotliuid. Till) nouo of rolativt'ly low prcesnre which separated thege ttnj^ 
HyKtumti provwl to Iw (ns is goiiorally the cnse with such zones) a region of^ 
vory illMturhcd weather; ouly iii this coso the disturbances doTeloped trcre 
hiiiri< iiunuTiiiiH atul uf (pouter intensity than nsual. Thus at the time men- 
titiiiit) LliriH' itixtini-t uiiiiiiua were obsurviil (sue 6g. 2) — one over the north- 
mint iif l''riiuci'. lUioUuT off tlic west of Ireland, and a third (very badly 
ih'lltitnll >ivt>r Wall's. The lirst Imd ad^-auct'd to the position it then occupied 
ftuui Sfiiiii, and was lilliug up i]uiekly, aRvi prodncing thundery nobcttled 
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ler over France. The second was advancing soath-eaBtwards from 
Atlantic, and later in the dajr onderwent considerable modifieation, partly 
liting with the third syBtem over Wales, and partly by the development of 
' minimum at the month of St. George's Channel (e«e fig. 8, p. 274). Witat 
Ted snbseqaontly (i.e. daring the night) it is impossible to say. Either 
rhole system collapsed and a new one advanced to the sonth of Ireland 

the Atlantic, or else the three minima merged and formed one well 
:ed system, the position of which is shown on fig. 4, (p. 274.) One thing, 
iver, is certain, viz. that the balk of the runfoU during these twenty-foor 
B (and it was heavy) oocnrred with the Easterly wind on the northern 
north-eaatcm sides of the disturbance, not witli the Sontli- westerly 
, as might naturally have been expected. Thus the mazlmam falls were 
rded over the east of Ireland, the Irish Boa, and Wales, the region in 
h they were recorded being marked by the shaded area in fig. 4. The 
of demarcatioD between this region and that of the smaller falls, which 
rred owing to the generally disturbed character of the weather, is very 
-ly defined. 
''e come nest to the period of twenty-foor hoars, from 8 a.m. on the 12th 

a.m. on the 18th. In this time the depression which la; off the south 
reland, and which has just been referred to, moved eastwards up the 
tol Channel and almost entirely filled ap : a new minimnm, however, was 
ilopcd near Cherboorg and advanced north-eastwards to the Sossez coast, 
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while a third appeared at the month of the English Channel. The position 
occupied hy these three minima at 8 a.m. on the 18th is shown in fig. 5 (p. 275). 
The two high-pressure areas remained unchanged. Thus throughout this 
period of twenty-four hours cyclonic Easterly winds were continuously pre- 
valent except on our south-western coasts, and it was with these winds that 
the enormous falls of the 12th-18th took place. In fig. 5 we see the distri- 
bution of pressure at 8 a.m. on the Idth, and the shaded area shows the 
region in which the maximum fall had occurred. Here we see that England 
was the chief sufferer, and a more detailed map would show that the heaviest 
falls of all occurred with the Easterly winds on the northern sides of the 
various minima referred to. This is very clearly shown by comparing the 
falls over different parts of our southern counties ; for while over Cornwall, 
J)evon, and the south of Dorsetshire, the rainfall (which accompanied South- 
west and South winds) varied from almost nil to only a few tenths of an inch, 
the fall over Sussex, some parts of Kent, and Middlesex, where the East 
winds of the eastern minimum were experienced, amounted in all cases to an 
inch or more. 

An important change now took place. The eastern minimum continued 
its movement northwards across Sussex, Kent, Essex, Sufifolk> and Norfolk, and 
then over the North Sea to the west of Norway (see fig. 6, p. 275) ; while the 
western one moved eastwards up the Channel, and the shallow one over the 
Bristol Channel. The wind consequently became Northerly almost all over 
the country, and temperature fell fast. A great deal more rain fell over 
Wales and the Midland and North-eastern Counties of England, and was 
afterwards accompanied by wet snow, some of which fell even over our own 
Southern Counties. During the 14tb, however, both systems passed slowly 
away, the high-pressure area in the north broke into two parts, one of which 
moved southwards over the Atlantic, the torrential rains ceased, and the 
weather improved greatly. 

There are two remarkable points about this period of bad weather. One is, 
the very disturbed conditions which were produced in the zone which sepa- 
rated the two co-existent anticyclones over our area, one lying to the northward 
of the other. This has not hitherto been sufficiently dwelt on by writers on 
depressions, though the idea is somewhat hinted at in the suggestion that 
hurricanes are often produced in the Indian Ocean by the prevalence of 
Easterly winds on the polar side of a current from the westward. The second 
and most striking point is, that when these conditions are established the 
rainfall is greatest in those regions where the surface wind is Easterly. 
Numerous instances of this may be quoted, but will not be referred to here, 
as Mr. Caster proposes to bring the matter before the Society on a future 
occasion. The feature stamps such systems as being of a type distinct 
from those which usually prevail over North-west Europe. 

In the present case there is one other feature which is worth notice, viz. 
that the ram which fell in the North-east of Ireland during the 11th, appears 
to have fallen in the rear rather than the front of the depression to which i 
belonged. This is less clear at present than could be wished, but will 
considered on another occasion. 
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FlcodM and Damage. — The heavy rains of the llih to 18th caused very 
serioofl floods. The greatest was in the valley of the Teme, especially at its 
junction with the Severn below Worcester. These floods caused great loss 
of life and damage to property ; bridges were washed away, railway traffic 
suspended, and thousands of workmen thrown idle. In several places the 
Waterworks and the Gasworks were flooded, and the town water and gas 
supplies were consequently cut off. 

It has been impossible to collect particulars of all the damage done in 
various parts of the country, but the following notes from several of the 
principal places affected will give a fair idea of the extent both of the floods, 
and of the amount of damage and distress caused thereby. 

Worcester. — ^The watertj of the Severn and Teme continued to rise until 1 
a.m. on Saturday, when they reached a point higher than any flood since 1770, 
and 2 inches higher than the flood of 1795, so that the inundation was greater 
than any similar visitation for 116 years. No one now living remembers anything 
like such a deluge as that which occurred at Worcester, either for the unexpected- 
ness with which it came about or the height to which the water rose. There is 
no record of such a flood in summer, all previous great floods having been in tlic 
'^vinter. That of 1770, which was only 2} inches higher than the present one, 
occurred in November. That of 1796 was in February, when the river below the 
iDridge was blocked with ice ; and there is a tradition that this held back the water 
c^bove the bridge and made the flood some 12 inches higher above than it was 
%Delow the bridge. The great flood of 1852 happened in November, and wa.s 5 
inches below the point now recorded. 

About midday^on Friday the 14th, the railway bridge over the Teme between 
XIransford and Henwick gave way in consequence of the flooding of the river. 
The centre pier collapsed, and although the railway metals remained they sank 
down with the structure, and the line became impassable. 

The present flood will be remembered not only for its severity but for its 
proloneed duration. Tlie hope wliich many ueople cherished that the waters, 
^when they once had reached their height, woula subside almost as rapidly as they 
liad risen, was disappointed. The subsidence indeed from the first was remark- 
aibly slow, and dunng the whole of Saturday coiUd be reckoned only by inches. 
J<*ortunately by Saturday evening something like adequate efforts were made to 
<!ope with the distress of tliose who were suffering most keenly from the effects 
of the prolonged inundation. 

At the Corporation Waterworks great consternation was created on Friday 
afternoon by the flood waters getting into the grounds, and then rapidly rushing 
into the boiler houses. Some steam fire engines were procured, and were kept 
constantly at work to prevent the flood reaching the boilers. The water, however, 
reached the fires and out them out, so that the engines could not pump to the 
reservoir for the supply of the city. All through Friday night the place was 
watched with the greatest anxiety by the engineers and others, and every effort 
was made to keep down the water in the boiler houses. On Saturday the grounds 
and works were completely flooded, the whole of the filtering and other tanks 
being under water. The result was that, instead of there being a constant supply 
of water to the city, there was only a little to be obtained for half -an-hour in the 
morning and for half-an-hour in the afternoon. On Saturday night, the floods 
having receded to the extent of a foot, the boilers became accessible, and the 
pumpmg engines were at work all night. 

Gloucester. — Gloucester has once more been visited by one of those periodi- 
cally recurring floods caused by the Severn in its upper reaches, and the overflowing 
of its banks into tlie lon^ stretch of level meadow land adjoining the river, and 
the lowlying portion of the city bordering on the river and canal. 

Already on Friday evening water was spreading over the Ham meadows, and 
during the ni^ht it rose rapidly, and on Saturday momine the flood was fully 
upon us. At mne o^clock, the height of the water at the lock-gate at the entrance 
to the caoal was 18 ft. 10 ins. The appearance from the bridge at LUnthouy or 
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from Westgate bridge was that of a vast lake, far as the eye could stretch. 
The trees, the tops of the hedges, and notice boards stuck here and there, dotted 
the expanse of waters. 

The rapidity with which the water rose was illustrated on the road to Hather- 
Icy, which was perfectly clear at 10 o'clock in the momine, but by 12 o'clock 
was covered to a depth of nearly two feet During Saturday night the water 
continued to rise, and at 9 on Sunday morning it registered 22 ft. 1 in. at the 
lock. During the day it rose 2 inches more, and the maximum was reached on 
Sunday evening, when it measured 22 ft. 3 ins., or within 4 ins. of the great flood 
of 1862. 

The district around Hempstead Buffered severely. The engine house of the 
reservoir, which supplies the inhabhants with drinking water, was flooded so as 
to compel pumping operations to be suspended, and in consequence the water had 
to be turned off early each evening. 

The flood beean to subside on Monday, and during the night fell a foot. On 
Tuesday and Wednesday the water gradually sank and left all the streets and 
courts, leaving only the meadows covered ; by Thursday the visitation, as far as 
the streets and dwelling-houses are concerned, may be said to have gone. 

Sheffield. — The river Don continued to rise throughout Thursday night, and 
reached its maximum height between 5 and 6 o'clock on Friday morning, when it 
is said to have been higher than for many years past. Fortunately the rain 
ceased an hour or two afterwards, and from then, throughout the day, the river 
gradually fell until the evening, when, so far as Sheffield was concerned, all danger 
had passed ; but lower down the river, between Tinsley and Rotherham, matters 
were still of a very serious nature. All the mills and factories on the banks of 
the Don, in which water power is used, were stopped, and many firms who do not 
use water as a motor power were put to great inconvenience oy the flooding of 
portions of their works, and it may be considered within the mark that between 
700 and 800 men were thrown idle by the flooding. 

At Denaby the flood is said to be the most serious for twenty years : the water 
rushed down the Denaby Pit, necessitating the stoppage of the work, and the men 
had to reach their homes by means of rafts. 

RoTHEBHAM. — ^Ncvcr within the memory of living man has there been a flood at 
Rotherham so great as the one which is now carrying devastation and ruin along the 
banks of the rivers Don and Rother. Events of eleven, and even of thirty-seven 
years ago, are alluded to, but the floods of those periods are stated not to have 
reached an3rthing like the magnitude of the present inundation. The whole town 
has been thrown into a chaotic state. Public establishments, manufactories, and 
tradesmen's shops^ have had to suspend operations because it is impossible to 
reach them. Business is at a standstill, and at least from 3,000 to 4,000 workmen 
are out of employment. Houses are inundated, roads rendered impassable, and 
on one of the railways — ^the Manchester, Sheffield, and Lincolnshire — ^traffic has 
been stopped since Thursday night. 

From early morning the water continued to rise rapidly ; between three and six 
o'clock it went up most quickly, a circumstance remarkable when the large area 
inundated is taken into account. Opinions vary, but the height of the river was 
undoubtedly from 12 to 15 feet above the ordinary level, and remained so during 
the greater portion of the morning. On all sides there was water ; the meadows, 
the highway, the walls, the hedges, and the outbuildings had disappeared, either 
partially or totally, and the rivers Rother and Don passed along like a surging sea. 
The road had been impassable for foot passengers and vemcular traffic from 
Thursday night. The Bessemer Steel Works of Messrs. Steel, Tozer, & Co., had 
had tons of sewage and mud lifted out of the bed of the river and deposited 
among the machinery, and large quantities of debris and timber had floated down 
and lodged there. 

At the Waterworks it was ascertained that something had gone wrong. At 
first it was thought that the water had backed up from the overflow into the 
retaining tank, but this was found not to be the case. The drains run on the side 
of the retaining tank, and owing to the pressure of storm water the ioints had 
given way, and the water had escaped ana entered the tank through the suction 
pipe. 

Many of the engine-drivers employed by the M. S. and L. Company had to work 
hard and to make good use of their wits to get steely to Mexborough (or, as one 



BCABBIOTT AND GASTER — THE FLOODS OF HAT 1886. 279 

driver jocularly remarked, to " port ") with their trains. In many instances it 
was f oand impossible for them to get through the flood, and they were forced to 
remain, some at one place and some at another, until the waters had subsided. 
At Wath large numbers of people assembled on the bridge over the railway for 
the purpose of watching the huec engines make their way through the flood— no 
light taisk, when it is estimated that the water was three feet m depth at this 
point. The head lights of one engine were extinguished, and the fires of another 
were, in the words of the driver, " doubted out" 

Church Strbtton. — A flood, far greater in its effects than has been known 
for nearly half a century, occurred at Church Stretton last week. Rain com- 
menced to fall at an early hour on Tuesday morning, and continued without 
intermission until midday on Friday. The quantity of rainfall in that time was 
almost incredible. Some idea of the total fall may be cleaned from tlic fact 
that during Thursday 4*12 ins. of rain fell, and this at an altitude of 624 ft. above 
sea level. This enormous rainfall, over the eighty square miles of the I^ngmynd. 
Boon began to make itself felt in the increased volumes of the many brooks and 
torrents running down its sides. 

Kidderminster. — On Friday and Saturday nights there was no gas supply in 
some parts of the town, owing to the water having entered the mains through the 
nnetcrs in the flooded cellars. 

The fire engines were at work on Saturday pumping water from the flooded 
Yinilla and dwelling houses. The total damage is estimated at about £10,000. 
Bewdley. — A portion of the Teme bridge, walls and houses were carried away. 
Leigh. — The railwa)^ bridge on the Worcester and Bromyard line subsided. 
Bransford. — The railway bridge on the Worcester and H!eref ord line subsided. 
Ludlow. — Two railway bridges between Ludlow and Craven Arms, on the 
^B[ereford and Shrewsbury line, were washed away. 

NoTTiNOUAM. — The overflow of the Trent caused the inundation of the whole 
^=>f the southern part of the town, comprising 3,000 houses. The Midland line 
lt>etween Nottingham and Trent was submerged for nearly six miles. 



Elvers flooded, — The following is a list of the principal rivers and their 
"tributaries which were flooded and overflowed their banks : — 

Severn, Avon, Belu, Camlad, Ceonant, Clywedog, Dolfor, Lleden, Sionr, 
^ymwy. 

Teme, Clun, Corve, Ledwyche, Onny, Rea. 

Wye, Arrow, Dore, Frome, Lugg, Mon, Monnow, Twddi. 

Trent, Amber, Anker, Derwent, Ecciesboum, Idle, Byton, Sour, Tame,Wye. 

Deb, Alyn. 

Also, the Aire, Calder, Derwent (Yorks), Rye, Cod, Wiske, Clwyd, Goyt, 
Nen, and Witham. 

The times at which the flood waters reached their highest point were as 
follows : — 

13th.— Night, Church Stretton. 

14th. — 2 a.m., Welshpool ; 4 a.m.,Tenbury ; G a.m., Ohnrchstoke; morn- 
ing, Ludlow, Worksop ; noon, Shrewsbury, Leominster, Matlock ; 2 p.m., 
Belper; 4.80 p.m., Rothorham; 7 p.m., Kidderminster; night, Evesham. 

15th. — 1 a.m., Worcester ; 2 a.m., Diglis Lock ; 8 a.m., Borton-on-Trent ; 
evening, Nottingham ; midnight, Tewkesbury. 

16th. — 11 p.m., Gloucester. 

Flood Levels. — The following are the heights of the flood at various places 
above the average summer level : — 

0QKEWSBURT. — 15th, noon. Extreme height of floo4 at Welsh Bridge, 16 ft, 
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WOBCESTBB. — ft. ins. 

11th, Water in the Severn 4 above average summer level. 

^**"n, II II II o II II II II 

18th| 7 a.m. n „ n 2 6 «, n „ n 

If 4 p.m« II II II 10 II II I, 19 

>» " p»m. II II II 11 y II II II It 

14th, 7.15 a.m. n i, „ 14 8 „ „ n n 

M 10.40 a.m. i, n n 15 8 n n 19 u 

„ 5.80 p.m. „ ,1 II 17 (nearly) „ „ „ 

15th, 1 a.m. n ,1 ,1 17 10 1, 1, n ,1 

DioLis Lock, nbab Woroestbb. — 15th. The water of the Severn reached 
its highest point at 2 a.m., being then about 25 feet above low summer level. 
This was only a few inches below the flood of 1770. 
Ross. — 15th. The flood in the Wye was 14 feet 8 inches. 
Glouckstkb. — ft. ins. 

14th, . 9 a.m. Depth of water at Lock gates on the Quay 18 2 
15th, 9 a.m. ,1 „ ,1 ,1 ,1 18 10 

9 p.m. II II ,1 ,1 „ 21 6 

11 p.m. „ II I, „ ,1 21 7 

16th| 8.45 a.m. „ „ „ „ n 22 

1 .oU a.m. II |, ,, I, I, 25^ 1 

9 a.m. ,, II ,, II ,1 22 Ij- 

4 p.m. ,1 „ I, ,1 „ 22 1} 

8.80 p.m. II ,1 ,1 „ „ 22 2 

„ 8.40 p.m. the tide caused it to rise half an inch 22 2^ 

9 p.m. no appreciable difference was manifested 22 2( 

11 p.m. another quarter of an inch was registered 22 2} 

17th, a.m. it had fallen 8^ inches 21 11^ 

18th, 9 a.m. 21 

19th| 9 a.m. 19 9 

20thi 9 a.m. 18 7 

BoTHEBHAM. — 14th, 7.80 p.m. The flood was 8 feet 5 inches at the 
junction at Bow Criag. 

Belpeb. — 14th, 2 p.m. The flood in the Derwent was 4 feet 8^ inches. 
NoTTiMOHAU. — 15thi evening. The rise of the water in the Trent has 
been 12^ feet. 

N.E. Yobkshibb. — 15th, p.m. The Perwent has risen to nearly 11 feet 
above summer level. 
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Heights of Fobmbb Gbbat Floods. 

wobcesteb. 

ft. 

1672 December 2drd. Flood above summer level ... 16-68 

1770 November 18th. „ „ ... 17-56 

1795 February 11th. „ „ ... 16-91 

1852 February 8th. „ i, ... 14-4? 
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8 November 15ih. Flood above lammer level 
1 February 6ih. „ „ 

6 May 15Ui. „ „ 

Robs. 

5 February 11th. Flood above summer level 

9 January 27th. 
1 November 24th-25th. 

1 February 10th. 

2 November 16th. 

6 May 15th. „ 

Gloucesteb. 
5 February. Depth of Water at Lock Gates 
2 September 15th. 

7 January 5th. 
B May 16th. „ 

NOTTIMOHAK. 
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November. 

March. 
December. 
July 28rd. 
October 22nd. 
May 15th. 



Flood above summer level (estimated) 
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II 
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Belper. 



October 12th. Water above ** flood " leveP 

December 21st. 

July Slst. 

November 16th. 

December 28th. 

October 8th. 

February 6 th, 

October 21st. 

January Ist. 

February 9th. 

May 14th. 



If 
ff 
II 

ff 
ff 
ff 
ff 
ff 
ff 
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•• 



•• 



•• 



ft. 

1508 

14-98 
1710 

ft. ins. 
18 1 

17 8 

17 8 

17 8 

17 8 

14 8 

22 8^ 

22 7 

21 8 

22 8 

It. 
14-60 

18-42 

11-48 

11-18 

12-50 

120 

18-76 

12-70 

ft. ins. 
4 8 

4 1 

4 2^ 

8 10^ 

4 5 
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Previous Floods at Wobcester. 
(From Berrow'a Woretiter JoumaL) 

-Extraordinary flood. The extreme rise of the Severn was noticed 
wall by the side of the river near the College Green, and a plate still 
1770) in the wall recording the event 

record has been kept in one of the wheel honses in Messrs. Btmtt's Hills, 
lis are in feet and inches above ** flood '* level, the point to which the back* 
ihe " tail-raoes" must rise to neoessitate stopping the water-wheels, 
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1770. November. — The excessive rains occasioned an extraordinary overflow 
of the rivers Severn, Avon, Teme, &c., and a most alarming flood ensued, being 
the highest and most extensive ever known in these parts. 

In order that it might be known how much the present flood exceeded that of 
1672, the Dean engaged a proper person to watch the rise of the water against ^^m 
tlic wall, and to observe its utmost reach, which, it seems, was about two o*clock .sl'scl 
last Sunday morning, when it had rose ten inches above the high water mark of *^oo 
the year 1672. 

1795. February. — The late severe frost has been succeeded by a calamity "%^^j 
almost as dreadful in its effects. The river Severn has overflowed its banka and M:> m\c 
covered an extent of country for a great number of miles with water. Thewater rv^Mi 
continued rising the whole of last Thursday, and its utmost height was only "^^My 
about 7 inches lower than the memorable flood in 1770 ; but at Bridgnorth it was 
6 inches, and at Coalbrookc-dale 16 inches, higher than at that period. 

The flood rose in Gloucester to within 6 inches of that in 1770. Shrewsbury 
was almost surrounded by water. 

In most places the waters have risen higher than was ever remembered by the ci^ine 
oldest inhabitants ; upwards of 50 bridges have been totally destroyed, and a -ffs- a 
great number of others much damaged. The Fen counties exhibit sheets of ^^ ^^^ 
water for miles in extent, and the damage done in those parts is estimated at ^-^*t 
£500,000. 

1852. November. — The incesstuit rains of Wednesday and Thursday tended W^^ 
to augment the swollen waters to an extent truly alarming. The flood overspread M:^^ 
the race ground. Pitchcroft, and on Sunday was stated to have attainea the ^^ ^® 
astonishing height of from 13 ft. to 15 ft. The water on Sunday rose on the ^^ *® 
North Parade to within 11 ins. or 12 ins. of the height attained oy one of the ^^ *^ 
highest floods ever known on the Severn, which occurred in 1795. On Monday "^^j^ 
aflemoon the flood-mark of 1795 on the North Parade was attained within 4| 4r "*• 
inches. 



>ai 






DISCUSSION. 

Mr. Marriott exhibited a number of photographs showing the extent of the 
floods on the Severn at Worcester and some of the damage caused thereby, and 
also some photographs and sketches of the floods at Rotherham. 

Mr. SouTiiALL said that he had had considerable experience in the investigation 
of floods in tlic Severn and Wye, and the determination of flood levels, and he 
hoped that one result of this paper would be to cause more careful observations 
to be made in future. It was extremely difficult to get good information re- 
specting floods in the past owing to the obliteration of flood-marks. The height 
of the flood at Worcester in 1672 was carefully marked on the Cathedral steps 
by the Dean ; but the flood-marks at Gloucester were extremely unsatisfactory. -'^^ 
In great floods the fluctuations in the water level made it difficult to ascertam m-x ^^ 
the extreme height accurately, and great care was necessary that the height of the ^ *'^ 
flood and not of the ' wash was obtained. With respect to the floods of May, «. ^-O'r 
lie could find no record of such a flood in the Severn during the summer. It was ^^0^ 
not a mountain flood, and seemed to be entirely due to heavy local rainfall. At 
Shrewsbury the flood was 4 feet lower than some of recent times. 

Mr. IIawksley said that maximum floods were those for which engineers -s 
had to make provision in the construction of drainage systems and waterworks, 
ami he gave tlie formula used for ascertaining the amount of water which will M M II 
flow off a given area, and for which the engineer in constructing drainage works -^ ^^ 
would have to make adequate provision for carrying off in order to prevent ^ ^^^ 
flooding. The winter floods were usually due to the sudden melting of snow, ^ ^«^, 
whilst summer floods were generally the result of heavy rainfall during thunder- — '^^r- 
utornis, mid were almost of the same character and intensity in all parts of the ^im Mie 
country. These summer floods usually extended over but small areas, but winterr:* ^*j 
floods were generally of very large extent. The greatest flood he remembered^^^ «a 
occurred in August 1846, when 4 ins. of rain fell in London in 3 hours and 20C:>=W 
minutes He then went on to say that engineers were greatly indebted to^r^ -*J 
meteorolocists for the information collected by them concerning floods taidW :» ^^ 
rainfall for without such knowledge it would not be possible for engineers ic^ JO 
carry on their work efficientlv. In conclusion he strongly urged students o9t ^^t 
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meteorology to investigate the causes of the various phenomena connected with 
their science and so increase the practical utility of their work. 

Mr. H. C. Fox said that such a downfall of rain occurring in May was very 
remarkable. At Greenwich, the fall during the three days, May 11th to 13tli, 
amounted to 1*57 in., and was preceded by ten days without rain. The total for 
the month (4*23 ins.) was exactly double the average, and there were only three 
wetter Mays at Greenwich back to 1815. He drew attention to his paper on 
'* The Sequence of Mean Temperature and Rainfall in the Climate of London," 
read before the British Association, in which he had shown that there was a 
marked tendency for a very wet May to be followed by a cold June. 

Mr. J. Smyth. Junr., said that, at Banbridge in Ireland, the rainfall recorded 
in May was the largest during the past twenty-six years. 

Mr. Strachan drew attention to the fact that the front of a depression was 
the part where most rain fell, condensation taking place first and the mechanical 
results immediately following. But in the case of the depression in which this 
^reat rainfall took place the conditions were said to be reversed, the rain falling 
m the rear of the low pressure area. 

Mr. Symons thought that the differences between the relative height of the 
Severn at Shrewsbury and Worcester were due to the fact that tlie river Teme, in 
the watershed of which the greatest rainfall took place, flowed into the Severn a 
little below Worcester, while at the head waters of the Severn only a compara- 
tively small rainfall was measured. It was fortunate that a good organisation of 
rainfall stations and river gauging throughout the Severn basin had lately been 
inaugurated by Mr. Willis Bund, and was in working order when this rain came, 
«8 authentic and valuable records would be obtained from them. He noticed that 
the greatest rainfall occurred at the conflict of the two currents of air as shown 
on the charts, and he thought that it was the mingling of these warm and cold 
currents which ^ave rise to the excessive rainfall. 

Mr. G ASTER, in reply, said that the important fact in regard to this depression 
y/rtLS that maximum rain fell with an Easterly and not with a Westerly wind, and 
in one case it had apparently occurred in the rear instead of in front of an 
advancing depression. Instances in which the maximum rainfall occurred with 
the Easterly wind on the northern side of advancing depression, though some- 
what rare, were far from being unique, and were worthy of more consideration 
than the^ had received. The fact is becoming more and more strongly recognised 
that anticyclones are the real ** weather-makers,*' and that on their relative 

Sosition to one another the occurrence of different spells of weather mainly 
epended. 



On Atmospheric Pressure and its Effect on the Tidal Wave. By 
Captain W. Nelson Greenwood, F.B.Met.Soc. (Abstract.) 

[Read June 16tb, 1886.] 

The Author In this paper has endeavoured to show by careful and continued 
observation the connection which exists between the pressure of the atmo- 
sphere and the height of the tides, confining his observations for the most 
part to the neighbourhood of Glasson Dock, Lancaster, on the Hivcr Lunc. 
When it is considered, he says, that a rise or fall of half an inch in tho 
mercury of the barometer is equal to the addition or removal of 81*26 
pounds per square foot of area, an idea may be formed of the euormouH, 
though imperceptible, influence that such addition or removal will have upon 
the extended surface of the sea. Water, in itself inelastic, incapable of com- 
pression to any perceptible amount, is still subject in a marked degree to the 
fluctuations in atmospheric pressure. Knowing, as we do, that no great dis- 
placement of the atmosphere can occur at a given point without a corresponding 
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area of high or low pressure being found in some near locality, we may ^ 
naturally argue that the waters of the ocean, being inelastio, will follow such 
atmospheric displacement, by giving way witii increased pressure in one 
place, accumulating where the decrease of pressure is in operation, and again 
returning to their original position when the disturbing pressure is removed. «. J^^d 
On the progressing tide wave this influence, the author says, is most marked. «. JE»^ 
As the wave advances up the St. George's Channel and Irish Sea from the ^Mne 
Atlantic Ocean it is subject to, and influenced by, ihe atmospheric pressure ^^^rre 
obtaining in ihe locality through which it travels, to a degree which is scarcely^^^f ^j 
appreciated. The wave, it appears, takes about six hours to travel from the^^.«=lie 
entrance of the Channel to the shores of Morecambe Bay, where it joins its^».:^.t8 
sister tide which is coming in from the North Channel, the wave having tra — 
versed a distance of fiboni 240 geographical miles. The normal difference ii 
atmospheric pressure, taking the mean of four years* observations, is '048 inch, 
the mercury standing hi^er by that amount at the entrance of the ChanneK^^-^ 
than in the vicinity of Morecambe Bay. In other words, the mean ban> — 
metrical reading in Morecambe Bay is 20*900 ins., and that at the 
of the Channel 29*948 ins., being equivalent to '007 inch of a mean gradient^<^^^^ 
per 40 geographical miles. 

In considering the effect of this gradient on the tide wave, the author Iajs* 
down the following four propositions : — 

1. A rise in the barometer over the whole distance would depress the tide 
wave locally. 

2. A rise locally, or a fall distantly, would depress the wave locally. 

8. A fall generally over the whole distance would raise the tide wave locally. <- "^&^7 
4. A fall locally, or a rise distantly, would raise the wave locally. 
The author goes o%to show by copious examples, tables and diagrams, « 
how, with those propositions in view, predictions of the tide heights may be 
mado with groat certainty when the atmospheric conditions are known and-t^-^=2" 
ciirofully studied. Ho gives in a table tho number of inches to be added to,<«. ^L->^f 
or subtracted from, the usual predicted tidal heights for every condition ott*-^ ^^ 
atmospheric pressure from 28'7 ins. to 80*0 ins. The table, of course, onlys^t-^y 
refers to one locality, viz. Glosson Dock, but similar tables could be preparedff^^'^^ea 
by the same rules for other places. Another table shows the results of thi^* ^-^s 
method of prediction, which indicates that the height of the tide wave can bes^-^^^ 
oHtimatod within a very few inches when the barometric correction has beeDt:*^ ^° 

applied. 

Tho conclusions to which tho author has arrived are, — that the motion oft 
the waters of the tidal wave can bo shown to be intimately connected wit 
tho fluctuations of the atiuosphere as indicated by the barometer ; and ^ 

tlie wave obeys these fluctuations closely, irrespective of the interruption ifc^^^ " 
may receive from local surroundings, such as the narrowing of channels or^^^^' 
oHtuarios up which it may have to pass ; and that the discrepancies which^^^* 
may occur botwoon predictions made in the mode now suggested and the^::^ ^ 
obHoniitioiiH arc distinctly traceable to variations of pressure over a defined^^^^ 
area in Uw viciuity, and not to the force or direction of the wind, as noi 
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generally supposed. Fariher» that the position and path of such stonn- 
eentres as reach onr coasts, as also the number that may be included in a 
certain area, have to be taken into consideration, if a true idea is to be formed 
of the influence of storm depression on the tidal wave in its passage up the 
Irish and North Seas and English Channel. 

The author thinks that witii the aid of the information contained in the 
Daily Weather Reports of the Meteorological Office, there are no difficulties 
which cannot be readily overcome, so that a table of corrections may be 
formed ihai will rectify the tidal predictions at any port witii almost unerring 
certainty. 



IbTBOBOLOOICAL BSSULTS AT LeVUKA AND SuVA 1875-1885, WITH NoTES ON 

THE Climate ofFui. By J. D. W. Yauohan, F.B.Met.Soc., Oovemment 

Storekeeper. 

[Bead June 16th, 1886.] 

Thk Fyi Islands Ue between 15"" and 22P S lat. and ITS'" E and IT?"" W 
long., they are therefore wholly within the tropics. The Islands number some 
255, many of these are not inhabited, some being mere sandbanks, with hero 
and there a few trees growing on them, while the largest Island, Yiti Levu, 
contains some 4,250 square miles ; the second largest, Yanua Levu, 2,600 
square miles. 

The larger Islands are mostly mountainous, rising in many places to an 
altitude of from 2,000 to 6,000 feet above the sea level, and are clothed to 
the summit with forest, rich grasses, and undergrowth. 

The rivers are numerous, and during the wet seasons subject to floods from 
the hills which skirt the foot of the mountains, whilst fringing the numerous 
bays which indent the coasts are to be found rich alluvial plains, stretching 
for many miles into the interior. On these rich plains and river banks are 
to be seea growing the various products of the tropics, carefully tended by 
liundreds of F\jians, Polynesians, and Coolie labourers. From the fore- 
l^ing it will be seen that the climate of the whole of the Fyi Islands cannot 
1)0 of a uniform character. 

The climate, however, is a remarkably healthy one. Happily, diseases such 
as fevers of an aggravated and malarious character, cholera and liver complaints, 
are unknown. Those diseases, so fatal and common in other tropical climates, 
could not well thrive, for owing to the geographical position of the group, 
being in the region of the Trade winds, it enjoys almost perpetual breezes. 
Calms are very rare, as, with the exception ntuned, the area of the Islands 
being small, the sea breezes from all directions penetrate into every comer, 
and the miasma arising from swamps, usually so poisonous and fatal in hot 
climates, does not seem to cause any serious epidemics. 

To Europeans who follow outdoor occupations the heat is no doubt rather 
distressing in the summer months, but agricultural and other work is regularly 
performed by both whites and blacks without any apparent ill effect to the 
strong and healthy constitution. After a few months* residence in Fiji, the 
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new arrival will lose mnoh of his mddy appearance ; this is looked upon as 
the first stage which marks the progress of acclimatising the new settler. 

Ardent spirits are decidedly ii^'arioas in this climate, as in all hot ooontries. 
Daring his seventeen years' experience in Fijji, the author can call to mind 
many robust constitutions ruined by the too free use of the bottle. The 
natives, who are prohibited by law from procuring spirits or other intoxicants, 
are healthy in the extreme. 

The accompanying tables give the monthly results of the meteorological 
observations taken at Levuka from January 1875 to August 1882, and at 
Suva from September 1882 to December 1885. No corrections have been 
applied to the readings of the standard barometer. This course has been 
adopted for the purpose of enabling the majority of readers to see at a glance 
the actual readings, without having to trouble their minds with the corrections. 
To the scientific reader, who has before him the material for the necessary 
corrections required by the Royal Meteorological Society, the application 
thereof will be of the easiest possible character. Barometer by Negretti and 
Zambra, No. 1,048, error index and capillary +*006 in. Standard thermo- 
meter by same makers, and numbered 14,154. Rain gauge 8 inches in 
diameter, placed in an open space and fully exposed. 

1875. 



Months. 



Mean 

Barometer 

as read. 



Temperature. 



January 

Februaiy ...... 

March ••• 

April 

May • . • . • 

June • . 

July 

August 

September . . . . 

October 

November 

December ...... 

Year. 

January 

February 

March 

April 

May 

June . . • • 

July 

August 

September 

October 

November 

December 

Year. 



Ins. 
29*905 
29-158 ? 
29*652 
29-949 
30-012 
30*012 
30*021 
30*018 
30*018 
30-013 
29-671 
29*889 



S 

to 

» 



29-860? 



87 
87 
85 
84 
83 

82 
81 

79 
82 

83 

83 
84 



aa 

o 
h3 



i 



87 



76 
76 
76 

75 

75 

71 

73 

65 
67 

76 

73 
76 



65 



O 
82 

82 

80 

79 

79 

78 
76 

78 
78 
79 
78 
80 



79*1 



Bainfall. 



Ins. 
11*66 

9-82 
23*98 
i8'95 

6*86 
z6*o6 

2*21 

2-62 
800 
7*07 
7-21 

505 



119-49 



1 Greatest 


No. ol 


> daily 


rainy 


faU. 

t 


days. 


Ins. 




4*33 


21 


1-77 


2Z 


3*8o 


25 


6-97 


21 


1-31 


17 


529 


21 


0*56 


16 


073 


14 


2*99 


16 


2-17 


13 


435 


18 


2*12 


15 


1 


218 1 



1876. 



29*239 

29565 

29*826 
29*916 
30015 
50*022 

30-019 

30*020 
30*016 

30*015 
29*857 
29654 



29*847 ? 



86 
92 

85 

83 
81 

83 
81 

80 

82 

81 

83 
83 



78 

75 
76 

73 
74 
72 
70 

72 
70 
70 
72 
74 



92 



70 



' 82 


1082 


494 


21 ' 


1 ^4 


876 


I -91 


21 


' 81 


I7'39 


456 


26 


79 


13*54 


4*52 


16 


78 


2*64 


0-55 


18 


77 


2*42 


1*37 


H 


75 


1-32 


0-32 


12 


75 


5*55 


1*38 


z8 


76 


5-12 


1*86 


16 


77 


6-68 


1-76 


19 


78 


765 


4-38 


14 


78 


2271 


4-25 


20 
215 


78-3 


104*60 


• • 
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1877. 



Months. 



January 

February 

March 

April • . . . . 

May 

Jane • . . . « 

July 

August 

September . . . . 

October 

November ...... 

Deeember 



Tear. 



Mean 

Barometer 

as read. 



Ins. 
29*924 
29*998 
29991 
30003 
30*122 

30157 

30157 
30*118 

30*206 

30-177 
30*112 

30053 



Temperature. 



30'o85 



CQ 
0) 

•I 



O 

91 
92 

90 

91 
91 
89 

85 

84 
82 

85 
89 

91 



92 



o 
Hi 



o 

69 

73 

71 

72 
68 

65 
62 

62 

65 
66 

68 
73 



a 

I 



o 

82 
82 
81 
80 
82 

75 

74 

72 

74 
76 

79 
81 



62 78*2 



Rainfall. 




Greatest 


No. of 


Total 


daily 


rainy 




fall 


days. 


Ins. 


Ins. 




12*40 


4*43 


14 


9*29 


1*77 


z6 


12*67 


2'23 


21 


4*12 


o*97 


17 


0*76 


0*14 


II 


677 


2' 14 


19 


7*16 


263 


15 


zx*o4 


2*98 


14 


2*79 


203 


6 


547 


2*22 


10 


003 


0*01 


3 


0*88 


0*27 


10 


7338 


• • 


156 



1878. 



January 

Febmary 

March 

April 

May 

June • • • • • 

July 

August 

September 

October .••«•••• 

Novembor 

December 



Year. 



30071 
30*086 
30050 
30*1^2 
30*175 
30*209 
30*207 
30*226 
30*258 

30' 198 
30130 
30078 



30153 



86 
86 
86 

84 

83 
81 

82 

80 

79 
81 
82 

84 



86 



78 


i 82 


8-52 


! 246 


17 


76 


1 82 


5*37 


1*84 


18 


77 


81 


16*09 


3-17 


21 


74 


79 


1718 


310 


25 


71 


79 


174 


0*41 


12 


73 


77 


0*20 


o*o6 


7 


67 


75 


1-38 


0-41 


12 


70 


75 


2*86 


1*45 


9 


71 


76 


0*89 


0*31 


9 


71 


76 


375 


1*10 


14 


74 


78 


"•35 


2*10 


21 


75 


80 


3'3i 


0-59 


15 


67 


783 


72*64 


• • 


180 



1879. 



January.. 

Februaiy 

March . . 

April .... 

May .... 
j June .... 
, July .... 
■ August .. 
': September 
, October . , 
I November 
• December 



« . • . I 



30*030 
30*050 
30*116 
30*141 

30149 
30*206 

30*223 

30259 

30233 

30*192 

30*125 

30*029 



Tear. 



86 


77 


81 


85 


76 


80 


87 


78 


82 


87 


71 


81 


85 


73 


80 


87 


73 


78 


83 


72 


78 


83 


70 


76 


82 


66 


77 


84 


72 


78 


85 


73 


80 


85 


74 


80 


87 


66 


793 



15*29 

12*64 

11*42 

12*97 

767 

4*2 1 

5*60 

2*44 
489 

8*94 
484 
6*17 



9708 



385 


23 


4*26 


20 


308 


20 


1*98 


26 


1*96 


14 


1-05 


17 


2*52 


12 


0*45 


17 


I*i8 


20 


342 


XI 


1-25 


14 


1*04 


16 


• • 


210 
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1880. 



Months. 



Mean 

Barometer ; 

as read. 



Temperature. 



Bainfall. 



January 

Febroarj .... 

March • 

April •• 

May 

Jmie 

J uiy ... ••••.• 

August 

September > 

Oc^ber ... 

November 

December 



Tear. 



Ins. 
29*962 

30*091 
30*148 

30-137 
30-093 

30* 108 

30*132 

30*124 

30-X08 

30*000 

29*976 



. 


1 




\ 




■*» 


1 


• 






K 








• 







« 


1 


fH 




■ 





1 


i 






3 


1 
I 


S 



30079 



o 

87 
87 
89 

86 

89 
88 

85 
84 

87 
89 
89 

93 



78 
75 
73 
72 
68 

69 
66 

67 

67 
68 

72 
73 



93 



66 



82 
81 
82 

79 
80 

78 
76 

76 

75 

77 

79 
81 



788 



TotaL 



Ins. 
14*02 

7*62 
i3'62 

22*35 

5*91 

6*45 

583 

10*66 

2*60 
20*29 

947 
1552 



Greatest No 



daily 
faU. 




Ins. 




3*37 


20 


2*34 


20 


293 


17 


5*34 


23 


1*95 


12 


3'02 


18 


i*o8 


21 


6*92 


14 


062 


8 


792 


x6 


2*98 


20 


5*8o 


19 



134*34 



208 



1881. 



January 
February 
March .. 
April ...., 
May .... 
June .... 
July .... 
August . . 
September 
October .. 
November 
December 



Year. 



29*899 
29*929 
30*017 
30074 

30*114 
30*117 
30*080 
30*152 

30*131 
30*114 

30*013 

29*925 



30*047 



93 
90 

93 

91 

88 

88 
86 

87 
88 

88 
92 
89 



74 
73 
72 
72 
69 
69 
67 

65 
68 

66 

71 
71 



83 
81 

82 

82 

78 

79 

77 

77 

79 
80 

83 
81 



93 



65 



8o*2 



19*94 

19*96 

11*64 

8-00 

2*13 

2*94 

9*46 

14*19 

6*14 

8*95 
10*43 
22*11 



4*16 
4-67 
2*30 
5*80 

043 
2*34 
377 
538 
1*83 

5-88 
2*14 
4*66 



26 

23 
22 

zo 

25 

7 
16 

19 
16 

7 
20 

22 



135*89 



213 



1882. 



January | 29849 

Februarjf 29*980 

March ', 29*951 

April .... . . 30*049 

Bfay 30*042 

June 30*100 

July 30*121 

August 30*137 

September 30*111 

October 30*165 

November 30*003 

December 29*919 

Year. 30*036 



91 


71 


82 


94 


70 


83 


91 


72 


81 


90 


71 


82 


91 


68 


80 


88 


62 


78 


86 


68 


75 


87 


68 


80 


87 


65 


77 


86 


64 


78 


87 


68 


81 


90 


70 


83 


94 


62 


80*4 



1 1 80 

12*77 

11*78 

2*72 

22*59 

1*40 
8*25 
3*88 

3*31 
5*82 

28*73 
10*69 

10374 



4*30 


22 


2*24 


16 


I '20 


23 


0*58 


15 


4*65 


20 


075 


8 


3*92 


15 


I*OI 


7 


075 


13 


2*04 


17 


570 


20 


2*09 


x8 


. • 


194 



k.'VOH&M KBIXOBOLOQICAL RBSDI.TB AT LETtTKA AMD SUVA, 1876-1SS6, 2S9 





Heau 
urexl. 


Tsmpop^ture. 


BaiiilaU. 


MoDths. 


1 


1 


1 


ToUl. 


Oteatest 

doil]' 


No, of 
rainy 
daya. 


Jonoar}' 

Febroarj 

JUroh 


Ins. 
29-909 
29-917 
29-943 
30-036 
30-ogi 
30-094 
30-140 
30-143 
30-106 
30-114 
30-039 
29-958 


ii 

1 

«7 


68 
70 

1 


80 

If 

74 
74 

;i 

79 
79 


Ihb. 
7-3' 

13 

9-tJ 
4-84 
IJ-25 

J-J3 
739 

3-70 

B 


Ins. 
z-17 
1-90 
"■33 
3-59 
3'38 

3-'o 

304 
^■53 

3-4* 
4-or 


•7 
25 

13 
18 

•4 
'7 
27 








Attgart 

September .... 

Sovember 


Yottc. 


30-040 


SI 


61 


77-9 


108-85 




an 



JanoMy 

Sir'.:::;:: 
SJf :::;;:;.:: 


29-978 

19 959 
30-027 
30060 
30-091 
3o-»44 
30-155 
30-150 
30' 174 

30-066 
30-007 


8S , 70 
87 ! 70 
87 1 7» 

11' Z 
l\\'4 
If S 

83 63 

85 67 

87 ] 7a 


80 
80 
82 

i 

73 
73 

',i 

It 


4-40 
1S77 

696 

Si 

5-S3 
>3-43 

3-29 


1-54 

7-42 

390 
1-49 

0-95 
3-34 

307 
0-17 

2-68 


18 
27 
26 
18 
19 

\i 

14 

1 

iB 

16 


jS. ::::::: 


Mj 

SSw-::::: 

Ootoboi 

December 


JtK. 


30-083 


83 1 60 


77"4 


92'oS 




"9 



fSS,:::::: 

March 


39-915 
29-993 
29963 
30-01 1 
30-157 
30-181 
30-143 
30133 
30-'93 
30-199 

30-112 

30-048 


is 

86 

'd 

83 
8z 

7b 
77 

Sj 

»7 


73 

67 
64 
63 

"7 
70 


81 

il 

81 
77 
75 
74 

;: 

75 


I3'8l 

3-63 
9-88 
tO-69 
6-03 
083 

3- 55 

9-00 

664 

3'47 
351 
532 


3-15 

1-99 

0-70 

3-)0 
3-09 

i 


V, 

»5 

37 

a4 
34 

38 

'3 

17 
19 


£ 


It.. :::::■•■ 
as'"::::: 

Notember 

Deoember 


Year. 


30^7 


Sf8 1 62 


77'3 


7635 




J65 
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Notes on the foregoing Tables, showing when the greatest Atmospkbbic 

Disturbances hate taken place. 

1875. January 7ih, at 9 a.m., the barometer registered 29*690 ins. with a 
strong breeze blowing from North. At 1 p.m. the reading was 29*621 ins., 
and the mercury continued to fall with increasing wind until 4 a.m. on the 8thy 
when the barometer reached its lowest reading, 29*070 ins.» wind blowing 
with full hurricane force. In Levuka several houses were blown down and 
others damaged ; vessels in the harbour suffered to a considerable extent. 
Her Majesty's surveying schooner Beagle was blown ashore, but was afterwards 
got off all right. A small cutter with one white man and several natives on 
board disappeared during the night, and was never again heard of. 

The wind on this, as on nearly all occasions, blew in force from North to 
West, ending in the latter quarter. During these atmospheric disturbances 
the rainfall is very heavy, and while that particularly referred to was 
raging it was impracticable to expose the face or hands to the rain. This 
descended with such force that the exposed . parts of painted houses were 
washed clean, leaving no trace of paint having ever been applied. 

Heavy boats that had been laid up on the shores were rolled along before 
the wind as though they had been mere bundles of hay. Large trees snapped 
off like reeds, and others again were taken up by the roots. 

187 5y March 12th and 13th, A strong gale from the same quarter, but 
no great damage done. The next severe gale was felt on March 16th, 1876. 
Wind blew with considerable force from South to West by the North. This 
was felt more severely at Levuka than in other parts of the group. The 
southern portion of the group appears to have escaped it altogether. 

1 879 J December 11th and 12th. Very heavy squalls and rain. The damage 
done on this occasion was very slight. 

1883, March 12th and 13th. Barometer fell on the 12th to 29*760 ins. 
At 4 p.m. on the 18th the reading was 29*780 ins., showing unmistakabi 
indications of a storm which doubtless passed to the North-west of 
group. 

1884, February 7th. The barometer was low, with fresh gale blowing fro 
East-north-east. 4'37 ins. of rain fell. 

The heaviest rainfall for the eleven years was 7*92 ins. on October 
1882, 6 ins. of which fell between the hours of 11 a^m. and 8 p.m. 

Note. — The instrumeuts are in a large building occupied as Govemmc 
Stores. One end of this building is taken off as a room 14 ft. by 14 ft. 
15 feet high from the floor. In this room there are three large doors and t 
large sashes, with thorough ventilation at all times both above the floor 
under the ceiling. The instruments are placed on the inner dividing w 
The barometer cistern is 6 feet above the floor and 18 feet above sea-levo 
all the thermometers are 2 feet higher in a straight line on each side of 
barometer. The rain-gauge is placed on the ridge of the building fitt^^ 
with ^-inch lead pipe, having at the end communicating with the ofSice ^ 




aaSAX — METEOBOLOeiOAL OB8ERTATION8 AT LEVUKA, SUVA, 1875-1865. 291 

un-iight brass tap. This plan has been adopted owing to not having 
per open space to expose the rain-gauge. 

"he whole of the bnilding is constructed of wood for walls and galvanised 
roof. 

t my own house I have another complete set of instruments ; the bare- 
3r is in a good light in my library, and the thermometers are exposed in 
reen made on Stevenson's principle, but with rather better ventilation at 
top, the top being made on the same principle as the sides. I have had 
he instruments together in both positions, and found them to correspond 
ily, and have again frequently tested the readings at given times, and 
' making the allowances necessary for the 87 feet difference in altitude 
een my house and the office found the reading to be the same. 



PROCEEDINGS AT THE MEETINGS OP THE SOCIETY. 

May 19th, 1886. 

Ordinary Meeting. 

William Elus, F.R.A.S., President, in the Chair. 

LWRENCE T. Cave, 13 Lowndes Sauare, S.W. ; and 
2v. Clifford Malden, M.A., St. Lawrence, Ventnor, Isle of Wight, 
balloted for and duly elected Fellows of the Society. 

le Foreign Secretary read a letter from the Foreign Office forwarding copies 
tcuments relative to the International Congress of Hydrology and Climatology, 
I held at Biarritz in October next. 

le following Papers were read, viz. : — 

The Severe Weather of the Winter of 1885-6." By Charles 
DING, F.R.MetSoc. (p. 223.) 

)e8cription of an Altazimuth Anemometer for continuously re- 
UNO the Vertical Angle as v^ell as the Horizontal Direction and 
;e of the Wind." By Louis M. Casella. (p. 246.) 

ilARTH Temperatures, 1881-1885." By William Marriott, F.R.Met.Soc. 
>3.) 

Tote on the After-Glows of 1883-1884." By Arthur W. Clayden, 
, F.R.Met.Soc. (p. 265.) 



June 16tu, 1886. 

Ordinary Meeting. 

William Ellis, F.R.A.S., President, in the Chair. 

V, John Roberts Boyle, Norraanton Terrace, Newcastle-on-Tyne ; and 
Beresford de ijv Poer Wall, M.A., Hamilton and Western District 
College, Hamilton, Victoria, 
balloted for and duly elected fellows of the Society. 
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The following Papers were read, viz* : — 

" Note on a Sudden Squall, January IBxn, 1886." By Robert H. Scott, 
M.A., F.R.S., F.R.MetSoc. 

Nearly nine years ago, November 1877, 1 had the honour to submit to the 
Society a note on a remarkable barometrical oscillation which had occurred in the 
North of the Kingdom on January 30th, 1876.* This apparently was a sort 
of whirlwind, or as the Americans call it, tornado, but as it happened during the 
forenoon of a Sunday, the records of the accompanying weatner were not as 
complete as they might have been on a week day. On the present occasion the 
accounts are much fuller. 

My attention was first drawn to this squall by Mr. T. £. Allen, who noticed 
that the barogram at Falmouth showed a sudden temporary fall of the barometer, 
while the record for Kew about two hours later showed the converse change, a 
sudden temporary rise of the barometer. The contrast between the two records 
is strongly marked in the original photographs, but it does not come out at all so 
clearly when the curves are pnntagraphed down to the size given in the accompanying 
figure. 

However, I at once began to collect other barograms, and it soon was manifest 
that the peculiarity of the phenomenon was confined to the South of England. 
In the accompanying figure the records are reproduced from Valencia ; Kilkenny 
(Richard's) ; Falmouth ; Oxford, RadclifTe Observatory ; Kew ; Pall MaU, Messrs. 
Lund and Bleckley (Rcdier's) ; Camden Town, Mr. Symons (Redier) ; Geldeston, 
Mr. Dowson (Redier*s). Wliere the type of barograph is not mentioned, the 
instrument is photographic. 

Records of the squall were obtained from several of the stations in connection 
with the Meteorological Office and the Royal Meteorological Society, and in 
addition a large number were supplied by Mr. Symons from his own circle of 
correspondents. 

On examination of the figure, it will be found that the Irish stations show no 




Barograms— Jannary 13th, 1886. 
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very remarkable oscillations of pressure, but when we come to Falmouth we 
notice tliat at 8 a.m. the mercury began to fall ver^ rapidly, and by 8.20 it 
had sunk 0*120 in. ; it then remained steady for ten minutes, and rose even more 
rapidly, with a sudden change of wind from West-south-west to West-nortli-west, 
and an equally sudden fall of temperature of about 6°'5, the wet bulb being more 
affected than the dry. At this station the wind velocity, about 40 miles an 
hour, did not change. At Oxford, which was the nearest station I could find to 
Falmouth, possessing a barograph in aefion, the sudden fall of the barometer 
does not appear, but just before 10 a.m. tlie barogram shows a sudden rise, 
followed after about lialf-an-hour by a fall. The rise of the barometer was 
accompanied by a squall between 9.45 and 9.55 a.m., the wind shifting from 
South-west by West to North-west by North, and the temperature falling about 6°. 

At Kew the appearances are similar to those of Oxford, and they are com- 
pletely supported by the records of the Redier's instruments at Pali Mall and 
Camden Town. The mercury in the barometer rose rapidly at 10.40 a.m., and 
the subsequent fall took place after a shorter interval tlian was the case at Oxford. 
There too the rise of the barometer was accompanied by tlie sudden fall of 
temperature coming with the shift of wind to the Nortliward in the squall. 

At Greenwich the barograph was unfortunately out of action at the time, but 
the other phenomena of wind direction and sudden change of temperature were 
reproduced, and in addition the Tliomson's electrograph showed a sudden and 
marked change of potential at the epoch of the shift of wind : this is precisely 
similar to the change of the same element at the moment of passage of the 
minimum over Kew in the storm of March 12tli, 1876.^ 

After passing London we have no further barographic record of the movement, 
£or it will be seen that the barogram from Geldeston, near Beccles, shows no 
trace of the disturbance. 

As to the records of the squall, they are numerous but not very precise. The 
occurrence took place in the interval between the regular hours of observation, 
And no trace of it is to be seen in the daily weather chart for 8 a.m. on the 13th. 
In fact the figure shows that the two Irish stations felt little, if anything, of the 
Hudden barometrical oscillation. 

The Times of January 14th contains the following paragraph : — " A fierce 
^ale from the South-west, accompanied by a thunderstorm, passed over the Mid- 
land and Western Counties yesterday. Trees were uprooted, and in some 
instances the upper parts of liou»es wrecked." 

The best of all the accounts is that of Mr. H. Southall, F.R.Met.Soc., from Ross, 
in Herefordshire. He says, *' The violence of the squall which suddenly burst 
upon us at 8.55 a.m. was extraordinary. A short time before I saw a black 
cloud apparently 8 or 10 miles to the North-west, but as the wliole sky was very 
stormy looking and rain had already fallen, I did not anticipate tlie fury with 
which in so short a time it assailea us. The barometer had fallen 0*82 in. in 
twenty four hours (much more rapidly at last), the temperature was 46^ (a great 
increase during the night), and the wind appeared to be light from South-west. 
With scarcely any further warning a storm of rain and wind enveloped us, tearing 
large branches from trees, blowing in windows, and in some cases unroofing 
buildings. It lasted only a few minutes." 

Of the MS. reports, those from Ireland and Scotland only mention the weather 
as " squally with hail showers," in fact all the telegraphic reports put down 
** squally " at each hour of observation, but Hurst Castle is the only station at 
which the squall which forms the subject of this paper is specially noticed. In 
all, I have about fifty reports from England and Wales, in addition to what has 
been stated above ; the most important of these are enumerated in the order of 
the recorded time of occiurence. 

St. David's, 8 a.m. Terrific squalls, hail, wind hurricane force. 

Stokesay, near Craven Arms (Salop), 8.25 a.m. Wind suddenly changed from 
South-west to North-west, with heavy hail till 8.45 a.m. 

Woolstaston (Salop), 8.25 to 8.40 a.m. 

Orleton (Worcestersliire), 8.30 a.m. 

Cheadle, 8.30 a.m. 

Cheltenham. Squall with heavy rain for ten minutes, at 9 a.m. 

1 qmartwly /(mmaJ, Vol. Ul. p. 169, 
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Stroud, 9.15 a.m. 

Leicester. Great storm at 9.15 a.m. 

Coston (Leicestershire), 9.30 a.m. 

Cirencester. Gale, amounting to a hurricane, for a few minutes at 9.30 a.m., ^ , 

during which time several trees fell. 

Babbacombe, 9.55 a.m. 

Teignmouth, 10 a.m. 

Banoury, 10 a.m. 

Harestock (Hants), 10 a.m. 

Ketton, near Stamford, 10 a.m. 

Reading, 10.15 a.m. 

Great Berkhampstead. A heavy downpour of rain, immediately followed by a .i^ - 
short but very hea^ fall of small hail, and accompanied by a violent wind, took -3#ol 
place between 10.17 and 10.21 a.m. Mean velocity of wind for one half minute ^:»i< 
during this squall, equal to a rate of 48 miles an hour. 

Finchley. Between 10.30 and 11 a.m., wind veering suddenly from South- ^.rWh- 
west to North-west. 

Cooper*s Hill, Staines. Hail squall 10.35. 

Southampton. A sudden violent storm of wind with rain at 10.30 a.m., which m-T 
lasted about 15 minutes. 

Hurst Castle, 10.30 a.m. 

Southboume (Hants). Sudden gale from West-north-west at 10.60 a.m.,^ - 
lasting only 8 minutes. 

St. Lawrence Tlsle of Wight). Lasting 10 minutes at 10.50 a.m. 

Beddington, 11.12. Squafi, £!urydice sort. 

Hythe. Heavy rain squall at noon. 

On plotting these statements on a map we find a motion from West-north-west*^ ^ -st 
to East- south-east shown generally. Some of the statements, however, do no^'^i^ «<>* 
harmonise quite well with each other. 

The squall was also reported from the following places, but without any state — ^^ de- 
ment as to time of occurrence : — 

Llanf rechf a (Monmouthshire). Wednesbury : " A steam travelling crane j. i^^c, 
with its frame work 50 or 60 feet high, was blown from the embankment oir:*^ 
which it stood into;the Old Park Road," Birmingham. Stratford-on-Avon 
** The Great Western station was unroofed." Langton Herring, near Weymouth r 
** A gale doing considerable damage to the boats on Chesil Beach, and uprootin^^ ^^"Jg 
trees in this neighbourhood." Littlehampton, and Wallington, near Croydon. 
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DISCUSSION. 

Mr. Mawley said tliat he was just about to leave his house on the morning ir 
question, when he noticed that the wind had suddenly become unusually high, an(P:> M'^Mia 
80 went at once to the recording instrument of Ins Beckley's anemograph, to ^ ^^ 
which he had attached a dial divided to hundredths of a mile. He found or^ ^~m\^ 
reaching the instrument that the rate at which tlie wind was travelling during th^ •' ■ "^ 
first 15 seconds was 30 miles an hour, and that for the next half minute the mear^ ^^^^ 
rate was 48 miles an hour. Yet in the next 15 seconds only 15 miles an hour J^^ '"^ 
was indicated, and the highest rate observed after this time was but 17 miles ar^-^^"*" 
hour. These particulars showed not only the remarkable briefness of this squall^ -^"•j' 
but also the very sudden way in wliich tfie wind dropped as the squall passed offl^^ ^^* 

Mr. Symons pointed out Iiow extremely desirable it was that observers shoul(^ ^^u 
keep correct time, and be careful to note the exact moment of occurrence of th» ^^ 
various phenomena which visited them. The barometer curve shown for Teign.^^'*"* 
mouth appeared to be wrong as regards time. 

Mr. Straciian inquired whether Greenwich time was used at all the station^ 

Mr. C. Harding referred to the account given of this squall in the Standa 
newspaper of January 14th, 16th, and 19th, and quoted several extracts from th» 
imf ormation collected. He stated that he had mapped the progress of this sqnalM^ 
and its course seems to have been from West-north-west to East-south-east, anc^ 
its rate of motion about 70 miles an hour. It was, however, very unsafe i«' 
phenomena of this description to be at all certain as to the rate of travel, for th 
line of squalls extended over a considerable area of the country, and the squall 
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wQrc of a similar character with respect to sudden change of wind and other 
accompaniments, being coincident in time at places considerably removed from 
each other. 

Mr. Archibald said that this squall seemed to be very similar to those experi- 
enced with the " North-westers " of India. He noticed that tlie Greenwich 
anemograph trace showed a very sudden change in the direction of the wind. 

Mr. Curtis said the squall appeared to be due to the passage of a subsidiary 
depression, which in many respects was very similar to the one which caused the 
loss of the Eurydiee^ and which Mr. Abercromby had called a V-shapcd depression. 
The most marked feature of the phenomena appeared to be the suaden rise of the 
barometer which accompanied the veering of the wind to tlie North-west. At 
the more western stations this followed directly upon an equally sudden fall, and 
was at once succeeded by a fresh but gradual decrease. At the eastern stations, 
on the contrary, no acceleration of the fall preceded the rise, but after a short 
interval it was followed by a very sudden drop of the mercury. This might 
assist in tracing the path of the depression. The wind had not backed anywhere 
in Great Britain, but as far north as Aberdeen it had veered. The discrepancy 
in the time at Teignmouth, referred to, might be due either to error of clock or 
to the use of local time at that station ; the curve was correctly copied from the 
originid. At Falmouth, Greenwich mean time was used. 

Mr. Gaster remarked that this squall was caused by a broad North-westerly 
current of wind advancing with rapidity and having a very level South-east 
margin. It would therefore inpinge on the preWously existing Westerly cur- 
rent at an angle of about 45^, and in this way a series of squalls would be 
developed along the line of contact, causing the appearance of a single squall 
travelling from place to place with extreme rapidity. The fact would be that 
numerous squalls, not necessarily of the same character, would be developed in 
rapid succession at the stations over which the contact took place. Hence the 
more care is necessary in deciding whether phenomena occurring in chronological 
order at a line of stations are the result of one travelling, or of several independent, 
disturbances. 

Mr. Whipple appealed to observers to procure Richard barographs, in order 
that by recording the occurrence of sudden oscillations due to squalls, such as the 
•ne referred to in the paper, they might assist those investigators who were 
engaged in determining the laws of weather progression. 

Mr, Scott, in reply, said that possibly the instrument at Teignmouth, a Richard 
barograph, was wrong in time. 

The President (Mr. Ellis) said that this inquiry well illustrated the advantage 
of possessing continuous records, for without such it could not have been made. 
Many otherwise excellent barographs are arranged to give only an intermittent 
record, as once in ten or twenty minutes, and in some cases less freauently, which 
is insufficient for the proper investigation of phenomena of the kina dedt with in 
the paper. 
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CORRESPONDENCE AND NOTES. 

The Climate op Dublin. By J. W. Moore, M.D., F.R.Met.Soc. 

At the Meeting of the Sub-Section of State Medicine of the Academy of 
Medicine in Ireland, on April 21st, 1886, Dr. Moore read a paper on the Climate 
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of Dublin, based on twenty years' ol)scrTation8, 1865-1884, of which the follow- 
ing is an abstract : — 

The climate of Dublin is, in the fullest sense, an insular one, free from 
extremes of heat and cold, except on very rare occasions ; and characterised by ""<!•>' 
a moderate rainfall (about 28 inches) annually, which is distributed, however, 
over a largo number of days (about 195 in each year). Clouded skies, a high 
degree of humiditv, and a nrevalence of brisk winds — chiefly from Westerly 
points — make up the climatology of the Irish capital. 

In common with the rest of the British Islands, Dublin owes its mild equable 
climate to the proximity of the North Atlantic Ocean and its surface current 
of warm water — the Gulf Stream. But local natural advant^es au regards 
situation exorcise a further beneficial effect on the climate of Dublin. A few 
miles south of tlie city lies a range of Iiills, with summitfi varying In height 
from 1,000 to more than 2,500 feet. This mountun chain intercepts the vapour- 
laden winds at all points between South-south-east and South-west, and so the 
rainfall is diminished and the sky is comparatively cleared during the continu- 
ance of the Southerly and South-westerly winds which so frequently prevail. The 
absence of any very high ground to the northward of the city — ^with the excep- 
tion of the Ilill of Ilowth — which rises, however, only to 663 feet — also 
prevents excessive [)recipitation with South-west winds. It is true that with 
Easterly (South-east to North-east or North) winds the precipitation (often in 
the form of hail, and in winter of sleet or snow) in and about Dublin exceeds 
that which occurs at such a time inland or on the Atlantic coasts. Were it not 
for this "lee-shorc" condensation the Dublin rainfall would be considend)Iy 
smaller even than it is. 

The second local feature which ameliorates the climate of the capital is tlic 
jiroximity of the sea to the eastward of the city. The keen, dry, searching 
Easterly winds of winter and spring are much softened in their passage across the 
Irish Sea, so that during their prevalence the thermometer occasionally stands 
some 5° or upwards higher in Dublin than it does at Holyhead, although this 
latter place is actually on the sea. It is true that the converse holds good 
during Westerly and North-westerly winds, when severe frost sometimes occurs 
in winter in Dublin, while the thermometer remains decidedly above the 
freezing point at Holyhead. Yet these latter winds are never so piercingly cold 
and parching as those from Easterly points. Nor is it in winter merely that the 
Irish Sea confers a benefit upon Dublin. In calm, clear weather in summer time, 
no sooner has the sun mounted high in the heavens than a cool refreshing sea- 
breeze sets in towards the land, so that consequently extreme or oppressive heat 
is rarely experienced. Indeed, an ojipressive atmosphere happens only when a 
damp warm South-west wind is blowing, with a more or less clouded sky. Tem- 
peratures above 80° in the shade in Dublin nearly always coincide with winds 
off the land, from some point between South and West, and a clear or only ^^^* 
slightly clouded sky. 

Among climatic phenomena, tlie infrequency of thunderstorms and tlie relative ^^^^ \ 
frequency of hail-showers in Dublin are worthy of note. In winter, fog and W^^ 
frost often prevail in the city when a Northerly breeze is blowing along the coa^^t, •- ^ 
accompanied with a higher temperature and perhaps showers of rain. Lastly, in ^ *' ' 
summer, with a Westerly wind, heavy sliowers fall at times in the valley of the 
Liffey, while the neighbouring higher lands enjoy dry weather. 

The accompanying Tables give the monthly, yearly, and average temperature 
and rainfall for the twenty years 1865-1884. The temperature values are the ^^■•^ 
means of the daily maximum and minimum readings. 

The author supplies tlie following information as to the exposure of the ^^ip^^ 
thermometers, &c. Prior to 1807, the thermometers were exposed m the window ^^^^ 
of Ills rooms in Trinity College facing East, at an elevation of 6 feet above the -'*^ * , 
ground. Since October 1807, tlie thermometers have been placed in a modified W:>'*^ 
Stevenson screen under the wall of a small garden facing North-north-east. The ^-^ ^^ 
wall is about 9 feet high, and the garden measures 90 feet long, and 23 feet wide, *r ^^' 
the screen is distant 64 feet from the dwelling house and 27 feet from the ^^^ 
stable. Prior to 1870 the barometer observations are not as tmstworthv as subse- — " 
(juently, as at that date an excellent barometer by Adie was obtained from the "^^ 
Meteorological OlHce. 
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General Characters of the Summer Monsoon. By H. F. BLANF0RixiK.S3tD, 
F.R.S., F.R.Met.Soc. 

Mr. Blanford, in his Paper on "The Rainfall of India," gives the following^ mim jij 
brief description of the general characters of the summer monsoon, in so far aat.^ at 
they affect those of the rainfall of the Indian area* : — 

The general fact that the summer monsoon is due to differential action of th< 
sun on the land of Southern Asia, to the heating of the land surface and the^. 
superincumbent atmosphere, and the consequent formation of a barometric depres-^ 
sion over the land, towards which cun*ents of air set in chiefly from the neigh- 
bouring seas, has long been one of the standing and familiar truths of meteorology 
An error which still occasionally finds place in popular treatises^ but whidi ha 
long disappeared from those having any pretension to authority, is that the got 
of the Inaian monsoon is situated in Central Asia ; the existence of an impassabh 
barrier in the Himalayan chain and the great plateau of Thibet having beer 
somewhat unaccountably disregarded. It is, indeed, true that, rarely and excep- 
tionally, a rain or snow precipitating current penetrates far into the Hlmalayi 
such precipitation having been recorded on one or two occasions in recent year 
at Leh ana in tlic interior of Lahoul ; but, with such rare exceptions, the wintec^^^ter 
and spring, and not the summer, are the seasons of precipitation on all but tii^ MiiTche 
outermost and most southern ranges of the Himalaya ; and since the condensatioirvd> ion 
of water vapour, as cloud, snow or rain, is the necessary concomitant and indica'.^s.<s2a- 
tion of an actively ascending current, and the goal and terminus of every hori-.v^'^K'^ri- 
zontal air current must be the place of its ascent, we may justly regard Northen*"-* ^m 
India as the goal of the local monsoon. 

So rapidly does the differential action of the sun on the land surface manifest s^st 
itself in the early months of the year, that, so early as February, the barometric^ .^-xric 
pressure in the interior of the peninsula begins to fall below that of the surround- E>'tf3d- 
mg seas. This depression speedily extends northwards, and in March and April S'^'^ril 
the region of greatest lieat is situated in the Deccan, Central India, and Chutii^ ^ ;Mia 
Nagpur ; the seat of lowest pressure being established on the eastern marein ot^=> ^^ 
the most heated tract, viz. in Chutia Nagpur or Northern Bengal. The influx o^ ^^^ ^^ 




sea air, that follows immediately on this disturbance of atmospheric equilibrium^ Mr«"*^ ro. 



is practically restricted to the south and east of the Indian Peninsula an 

Bengal, the consequence being the production of the short-lived local storms an^^ .^^^ud 
showers as the characteristic form of the spring rainfall. 

It was pointed out by Mauiy, and I have quoted his remarks with genenJt-^^*™ 
acquiescence in my own description of the Meteorology of India, that the windaet ^J., 
which begin in February as sea winds, merely on the coast of the Sunderbunds^ ^ "*» 
are gradually drawn in the subsequent months from greater distances at sea z- •^'^ ' 
and the wind table of the Bay of Bengal, drawn up by Lieutenant Comelisseitf'^ ^*^en 
and reproduced in the Indian Mcteoroloi/isi's Vade-Mecum (p. 182), shows that^-^J ^?' 
the predominance of winds from between south and west is first established ii*"*^^ ^^ 
the north of the Bay and extends gradually southwards. But, as Mr. Eliot has^-^*^** 
emphatically pointed out, in his recently-published Memoir on SotUh-westerm^^'^^^r^ 
Monsoon Storms^ " the northward extension of the South-east Trades across the^ .^rlne 
Equator, and their continuation up the Bay, is a meteorological phenomenon of a^^ ? 

different order of magnitude and intensity from that of the establishment *°^^^^5?S 
gradual intensification of the local sea winds at the head of the Bay and on the^^J^^ • 
Bengal coast, in February and the hot weather months," and he regards thia^^^^^* 
extension of the Southern Trades as the distinctive feature of the summer mon — ^^*^^ 
soon. That the setting in of the monsoon rains is a distinct and individualised^' ^mu 
phenomenon, to a certain extent catastrophic in character, and not merely the^ m^"^ 
gradual intensification of the Southerly winds of the early summer months, ^^s^*--^^^ 
long been recognised by popular observation, and in the popular expression the^^ ^~9ie 
" burst of the monsoon*' ; and I have myself more than once pointed to the fact^ ^:^ct 
in previous writings, though less emphatically than Mr. Eliot has done in thec:^ ^ ^^ 
passage above quoted. It has also long been known from the descriptions o^ ^^^' 
Dampier, Basil Hall, and others, that during the South-west monsoon the South — 
east Trades are frequently continuous across the Equator ; and it is very likel\^-^^^ 
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that it is the linking up of the wind currents on the opposite sides of the Equator 
that determines the rush of saturated air that ushers in the monsoon rains. 
Nevertheless, the fact has been called in question by Dr. Miihry, who regards the 
South-west monsoon of Indian seas as a mere " detraction '* or diversion of the 
lowest portion of the North-east Trade, and has endeavoured to show that the 
belt of equatorial calms extends uninterruptedly around the earth in the monsoon 
region as elsewhere, with but a slight annual shifting of its position. That his 
view of the South-west monsoon, as thus expressed, is erroneous, and rests on a 
misapprehension of an observation of Colonel Sykes, and that he altogether 
under-estimates the vertical thickness of the summer monsoon, I have endeavoured 
to show elsewhere. But that the equatorial belt of constant rainfall exists across 
the monsoon region, and is not bodily transferred northwards to India and south- 
wards to AustrtJia with the annual march of the sun in declination, is a well- 
established fact, and has been amply confirmed by the numerous rainfall registers 
of the Malay Archipelago, obtainea, during the last five years, by the exertions 
of the late Dr. Bergsma. These registers show that, while in the neighbourhood 
of the Equator the season of the heaviest and most frequent rainfall is from 
November to January (the former being the epoch of maximum in the North, the 
latter in the South ot the line), there is no month in which the precipitation does 
not amount to at least three or four per cent, of the annual total. In fact, during 
the monsoon the whole region between the Equator and the Himalaya is more 
or less one of precipitation, and may be regarded rather as an extension and 
broadening out of the normal equatorial rainy zone, with a northward transfer of 
its maximum and a partial concentration in Northern India, rather than a bodily 
transfer of the zone northwards to Southern Asia. This view is quite consistent 
with the facts deduced in the foregoing discussion, viz. the double maximum of 
Ceylon, Travancore, Tenasserim and the Bay Islands ; and it will be found greatly 
to facilitate the comprehension of many characteristic features of the monsoon, 
such as its oscillations, which Mr. Eliot more especially has described in several 
of his writings in this serial, and those well-known vicissitudes in the rainfall of 
India which will be treated of at length in the second part of this memoir. 

The linking-up of the South-east Trades with the South-west monsoon in a 
continuous stream of air is not by any means constant, nor, I think, a very 
frequent condition even during the height of the monsoon ; as appears from the 
table drawn up by Lieutenant Comelissen (above referred to)^ and also fi'om the 
wind charts whicfi are now preparing for publication by the Indian Meteorological 
Office. Nor even, as would seem from the logs given by Mr. Eliot in his 
Memoirs on CyelontSs while a cyclone is raging in tlie Bay of Bengal, at a time, 
therefore, when the monsoon current which feeds the cyclone is at its strongest. 
do ships crossing the line always find the South-cast Trade veering to South and 
then to South-west. On the contrary, in the immediate neighbourhood of the 
line, and as far north as Ceylon, the winds appear to be, as a rule, more westerly 
than in the Bay of Bengal, West and West-south-west being by far the most 
frequent entries in the logs, and these winds are variable and squally, very 
different in character from the Trade winds, and frequently accompanied with 
heavy rain or squalls of rain, implying no small amount of local convection. 

Instead, then, of the monsoon being simply a prolongation of the Trades, the 
case would rather seem to be that most frequently it originates in this variable, 
but on the whole westerly and rainy, current, which is doubtless fed by the 
South-east Trades, and consists of nearly saturated air ; but it represents only a 
portion of the air poured by the Southern Trade winds into the Equatorial region, 
the remainder ascending convectively, precisely as in the Atlantic Doldrums. 
Nor is the monsoon drawn from this source alone. It is probably recruited, to a 
very considerable extent, from more northern latitudes, especially during fine 
intervals, when the current is slacker and the rainfall on the Indian mainland 
less copious ; and it is to the varying degrees in which the two sources of supply 
are respectively drawn upon to furnish the indraught that I would attribute the 
variations of the rainfall during the progress of the season, and those more im- 
portant vicissitudes of different years to which I shall have to draw attention in 
the sequel. 

Rain does not fall continuously or steadily in any part of India during the 
rainy season. In the wettest tracts indeed, such as the Western Ghats, Eastern 
Bengal, Cachar and Arakan, there are very few absolutely rainless days in July 
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and August ; but even in these, sometimes for several days in succession, an 
afternoon shower represents the whole rainfall of the day : and, as a general ride, 
in Northern India the rainy season is made np of perioas of two or three days 
with heavy rain, alternating with more or less similar intervals of comparatively 
fine weatner; the fine intervals increasing in length and serenity as we ap- 
proach the dry tracts in North-western and Southern India. These alternations 
of fair and wet weather coincide with barometric oscillations, which affect 
simultaneously and pretty equably either the greater part of India, or it may be 
only the Northern, Western or Eastern division, but always a great extent of 
country ; and their amplitude is greater in Northern than in Southern India, thus 
tending alternately to increase or diminish the barometric gradient that favours 
the Southerly monjsoon. As a rule, the barometer falls during the finer intervals 
and rises with the rainfall. The cause and nature of these oscillations are still 
but little understood. They are not restricted to the rainy season, but occur at 
all times of the year, and are perhaps greatest just before the setting in of the 
rains. They have no necetsary connection witn the formation and passage of 
cvclonic storms, but a downward oscillation is frequently the precursor of one of 
these storms. 

During the breaks in the rains the winds of North-western India are frequently 
from the West and sometimes even from the North-west ; and, as I have pointed 
out elsewhere, are similar in character, and probably in their origin, to the 
normal land winds of the sprins. Occasionally they continued to blow for 
several weeks, even during the height of the ordinary monsoon season (in July 
and August), and they then exclude the rain-beanng current from the greater 
part of Northern, Central and Western India. When thus prolonged, the draught 
that accompanies them is always prejudicial to the crops on the higher and 
therefore drier lands ; but, provided good rain has fallen at the beginning 
of the season, and that they are followed by another general downpour in Sep- 
tember, the destruction is not of a disastrous character. A noteworthy barometric 
feature, which is the invariable accompaniment of these winds when they extend 
far to the Eastward and Southward, is a relative rise of pressure in Western 
India, causing the isobars in Hajputana to advance to the North, and partially or 
completely to interrupt the trougn of low pressure, which is shown on the normal 
isobaric charts of the summer months, extending from Chutia Nagpur to the 
Punjab and Upper Sind. At the same time the isobars run more obliquely (from 
North-west to South-east) across Centrd India and the peninsula. These features 
have been frequently noticed in the annual Reports on the Meteorology of India 
as characteristic of periods of drought. 

The greater part of the rainfall of the summer monsoon is more or less 
sporadic, and accompanied with but slight local disturbance of the normal dis- 
tribution of pressure ; being most frequent and regular in and immediately 
around the eastern half of the trough of low pressure that lies between the 
two branches of the monsoon. This includes Lower Bengal, Chutia Nagpur, 
Orissa, the greater part of the Central Provinces, and the numerous tributary states 
lying between. It is the region wherein the average fall exceeds forty inches. 
Jjut the heaviest falls are those which accompany the passage of the cyclonic 
storms, which we nqw know to constitute a frequent and characteristic feature 
of the summer monsoon. Many of these have been described and illustrated in 
the annual Reports on the Meteorology of India, and some at more length by Mr. 
John Eliot in previous volumes of these Memoirs ; and in the sixth memoir of 
the second volume he has given an admirable summan^ of their characteristic 
features and tracks, and has pointed out wherein they differ from the more violent 
and destructive storms of the transition periods (May and October to November). 
That their existence had been ignored or rather was unknown until within recent 
years, and that the annual distribution of cyclones was believed to have a double 
maximum ^corresponding to the transition periods), is now fully explained. Mr. 
Eliot has snown that this is due to their meeting a greater depth of the atmo- 
sphere, occurring, as they do, when the summer monsoon is at its height and its 
greatest vertical thickness. Consequently, the horizontal movement of the winds 
is less violent and the barometric depression at their centre but small, although 
the volume of air poured in, if measured by the quantity of water condensed 
and precipitated, is at least as great as in the storms of the transition periods ; 
and the vortices have greater durability, being less obstructed and impeded by 
the irregulai'itics of the land surface over which they pass. 
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RECENT PUBLICATIONS. 

American Meteorological Journal. A Monthly Eeview of Meteorology, 
Medical Climatology and Geography. Vol. lU. Nos. 8-4, July and 
August 1886. Svo. 

Contains: — Cyclones, Anticyclones and Pericyclones, by W. M. Davis (2 pp.). 
—Waterspouts on the Gulf Stream in winter, by H. B. Gibson (8 pp.)- About 
30 par cent, of the Waterspouts occur in the cold months, and generally in the 
south-western part of the area of low pressure. In the warm months they 
generally appear in the south-eastern quadrant, the same as is characterised by 
thunderstorms on land. — The Origin of the Red Glows, by Rev. S. Bishop (12 pp.). 
— On Vertical Currents in Cyclones (17 pp.). — On the Method of Cloud Forma- 
tion in Cyclones, by H. H. Clayton (4 pp.). 

Annuaire de la Sooii&Ti: M]&T£oROLoaiQUE DE France. 84me Anndo. 
1886, May. 4to. 

Contains: — De la mar6c atraosph6rique, par M. Hauvel (6 pp.). — Notice sur 
l*Observatoire Gruby, par E. Cas86 (3 pp.). — La n6bulo8it6 et Fh^liographe de 
Campbell, par P. Coeurdevache (2 pp.). 

Annual Report of the Board of Regents of the Smithsonian Institution 
for the Year 1884. 8vo. 1886. xxxvn. + 904 pp. 

The General Appendix contains a record of scientific progress during 1884. 
That on Meteorology (176 pp.) has been prepared by Prof. Cleveland Abbe, and 
consists of a series of short abstracts and notes relative to the principal me- 
teorological items that have been published up to the end of 1884. The value 
of this article is ^eatly enhanced by a copious index, and also by a Biblio- 
graphy of Meteorology for 1884. 

Archives des Soibnoes physiques et naturelles. Tome XIY. July and 
November 1886. 8vo. 

This contains two papers by M. A, Kammermann, of the Geneva Observatory, 
entitled (1) Premiere ^tude sur le minimum de nuit (49 pp.) ; and (2) Le 
thermometre ^ boule mouill6e et son emploi pour la provision du temps (10 pp.). 

British Rainfall, 1886. On the Distribution of Rain over the British 
Isles during the Year 1886, as observed at more than 2,000 Stations in 
Great Britain and Ireland, with Articles upon various branches of 
Rainfall work. Compiled by G. J. Symons, F.R.S. Svo. 1886. 
278 pp. and 4 plates. 

The year 1885 was on the average of the whole country a dry year, but by 
no means remarkably so. The largest rainfall was 197*92 ins. at The Stye, in 
Cumberland, and the least 16*73 ins. at Leith. In addition to the usual informa- 
tion and tables respecting the rainfall during the year, there are articles on the 
following subjects : — Dr. Wild on the influence of dimensions and position upon the 
indications ot rain gauges (10 pp. and plate). — On the lielative Fail of Rain during 
the Day and during the Night (4 pp.). From the results of twenty years' obser- 
vations at Camden Square, it appears that in winter the nights are wetter than the 
days ; in spring and autumn there is not much difference ; while in summer nearly 
half as much again falls by day as by night. 

Cape of Good Hope. Report of the Meteorological Commission for tho 
Year 1885. Foolscap folio, vi. -f 27 pp. 1886. 

This Commission is doing good service by collecting observations from various 
parts of South Africa. The stations, which are nearly all supplied with Steven- 
son Thermometer Screens, are inspected by the Secretary m a similar manner 
to those of the Royal Meteorological Society. The observations may therefore 
be looked on as comparable with each other. In 1885 the highest temperature 
recorded at any of the stations was 109°*0 in January at Oudtshoom, lat. §3°3G' S, 
long. 22n3' E, and the lowest 16°*0 in June at Aliwal North, lat. 30^43' S, long. 
26*»43' E, and at Bloemfontein, lat. 28°56' S, long. 26°18' E. The greatest 
rainfall was 77*87 ins. on Table Mountain, 3,050 feet above sea level, and the 
least 1*58 in. at Port Nolloth, lat. 29*»14' S, long. 16°5l' E. At Pella, in lat. 
29^4' S, long. 19*^12 E, rain fell on nine days only during the year. 
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CiEL ET Tebbe. Bevue popolaire d'Asironomie, de M^t^rologie et de 

Physiqne da Globe. Deoxidme S&cie. 2me Ann^, Nos. 9-14, July to 

September 1686. 8vo. 

The principal meteorological articles are : Les ph^nomdnes p^riodiqaea de la 

v^g^tation. par C. Ferrari (8 pp.). — Les depressions atmosph^riqnes (7 pp.)-"" 

Influence des masses de neige sor le climat, par A. Woeikof (11 pp.).— Trombe 

k Bucharest, by Dr. S. Hepites (2 pp.). — Aper9u des travanx scientifiques 

ex6cnt68 k rObsenratoire du Vic du Midi (16 pp.). — Les p6riodes glaciatres et 

les variations da climat, par £. Lagrange (18 pp.). — Les zones de temp^ratare & 

la surface de la terre (7 pp.). — La transparence de Pair aprds la plaie, par J. 

Vincent (2 pp.). 

Indian Metbobological Memoibs : being occasional Discassions and Com- 
pilations of Meteorological Data relating to India and the Neighboaring 
Coontries. Pablished ander the direction of Henby F. Bianvobd, 
F.B.S./Meteorological Reporter to the Cbyemment of India. Vol. lY. 
Part I. 4to. 1886. 
Contains : — Account of the South-west Monsoon Storm of the 12th to the 17th 
of May 1884 in the Bay of Bengal and at Akyab, by J. Eliot, M.A. (38 pp. and 
2 plates).— On the Diurnal Variation of the Rainfall at Calcutta, bv fl. F. 
Blanford, F.R.S. (8 pp. and plate). — The Meteorological Features of the ^athern 
Part of the Bay of Bengal, by W. L. Dallas (11 pp. and plate). 
Mbteobolooisghe Zeitschbift. Heraasgegeben von der oesterreiohisehen 
Gesellschaft fiir Meteorologie and der deatschen meteorologischen 
Gesellschaft. Redigirt von Dr. J. Hann and Dr. W. Eopfen. Dritter 
Jahrgang 1886, Heft 7-9, Jaly-September. 4to. 
Contains : — Ueber die tagliche Variation des Lufldruckes wahrend des nord- 
ischen Winters, von N. Ekholm (5 pp.). The author shows that there is from 
tlie observations at Upsala at Cape Thordsen (Spitzber^en) a decided difference 
in the curve of daily range of pressure when the conditions are cyclonic or anti- 
cyclonic respectively, and he points out that this probably extends to other 
elements. — Die Schwankungen des Wasserstandes im Schwarzen Meer and ihre 
Ursachen, von Dr. E. Br&ckner (12 pp.).— ^Die Luftstromungen aber Berlin in 
der vier Ji^eszeiten, nach Dr. P. Vettin (8 pp.). The author states the 
cumulus occurs at all levels, even above cirrus. The most interesting result is 
that at all cloud levels, especially the lowest, the northerly component is the 
strongest, and this motion is not compensated for by the frequence of South-west 
winds at the earth's surface, as these only affect a very limited stratum. The 
velocity in the cirrus region is about three times that at the earth's surface, but 
the increase in rate is irregular, being checked at the level of the lower clouds, 
evidently owing to the processes of cloud formation going on there. — ^Bestimmun^ 
der Bewegung eines Luftballons durch trigonometrische Messungen von zwei 
Standpunkten, von Dr. P. Schreiber (6 pp.). — Die Gewitter des oberen Leinethales 
am 1 Juni 1886, von Dr. H. Meyer (7 pp. and plate). — Thermometer- Aufstellung, 
von Prof. H. A. Hazen (3 pp.). — Die Vertheilung der Regenmengen in Brasilien, 
von Prof. F. M. Draenert (11 pp.^. The results mainly relate to the southern 
portion of the empire, and the Atlantic seaboard, where stations are more closely 
placed than in the interior and along the Amazons. — Die Einwirkung der baro« 
metrischen Minima und Maxima auf die Richtung des Windes und Wolkenzuges, 
dargestcllt nach den telegraphischen Wetterberichten der deutschen Seewarte 
und den einigen Wolkenmessungen in Berlin wahrend des Jahres Mai 1883-84, 
von Dr. Vettm (11 pp. and plate). The author states the principal result thus: — 
" From all these Tables it appears that in the region of the barometric degres- 
sions and the maxima, we have not exclusively cyclonic and anticyclonic motions, 
but there are also other currents of a higher order (Westerly, and in the lowest 
stratum also Easterly) which pass through and make their influence to be 
distinctly perceived in the observations." — Tagliche Drehnng des Wolkenzuges, 
von A. Kichter (5 pp.). 
Nova Acta RsoiiE Sooibtatis Scientiabum Upsaliensis. Ser. m. 4to. 

1886. 
Contains : — Sur une nouvelle m^thode de faire des mesures absolues de la 
chaleur rayonnante ainsi qu^un instrument pour enregistrer la radiation solairei 
par E. Angstrom (17 pp. and plate). 
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Observations of the Intebmational Polab Expeditions, 1882-88. Fobt 
Rae. 4to. 1886. 
Fort Rae formed one of the series of circtunpolar positions, occupied in accord- 
ance with the scheme proposed by the late Lieut. C. Weyprecht for concerted 
physical observations to be carried on for at least a full year, at different stations 
situated around the Poles. The expense of the expedition was defrayed by 
grants from the British Government, and from the Government of the Dominion of 
iJanada. Capt. H. P. Dawson, R. A., was^appointed to command theparty, which 
consisted of three observers. Fort Rae is one of the posts of the Hudson's Bay 
Company, and is situated in lat 62** 38' 62" N, and long. llS** 43' SCT W, on a 
bay on the northern shore of the Great Slave Lake. The observations extended 
from September 1st, 1882, to August 31st, 1883. 

Bepobt on the Meteoboloot of India in 1884. By Henbt F. Blanfobd, 
F.R.S., Meteorological Reporter to the Government of India. Tenth 
Year. 4to. 1886. 458 pp. and 4 plates. 
This system now comprises 134 meteorological observatories and 478 rainfall 
stations. The year 1884 was characterised tl^oughout by a remarkable deficiency 
of insolation, greater even than that of the preceding year. The mean air tem- 
perature has undergone a similar but smaller fall. On the average of all parts 
of the area, 1884 was a cooler year than 1883, and both were considerably cooler 
than any other year subsequent to 1874. The absolute humidity of the air was 
rather below the average, and the cloud proportion was also somewhat less than 
usual. But the rainfall was, on the whole, in excess, owing mainly to the heavy 
precinitation of North-western and Central India and the Camatic ; for Bengal 
and tne Eastern Provinces generally had less than the average. 

Kbsults of Rain and Riveb Obsebvations biade in New South Wales 
daring 1885: H. C. Russell, B.A., F.R.A.S., Government Astronomer 
for New South Wales. 8vo. 1886. 80 pp. and 8 plates. 
The number of rainfall stations in New South Wales now amounts to 641. 
In addition to the monthly and annual rainfall for the year 1885, there is a re- 
turn showing the annual rainfall at all stations with three vears' and up to four- 
teen years* records (1872-1885), and also a table giving the rainfall records in 
Australia from 1822 to 1885. Mr. Russell now considers that the annual 
average rainf idl of the colony is 26 inches. 

Stmons^s Monthly Meteobolooical Magazine. Vol. XXI. Nos. 246-248. 
July-September 1886. 8vo. 
The principal articles are: — Climatological Returns from Japan (3 pp.). — The 
Sonnbkck Observatory (2 pp."). — ^Temperature Observations on Lincoln Cathe- 
dral (1 p.). — ^The Volcanic Phenomena in New Zealand (5 pp.). — Particulars of 
the Flooa of May 14th to 16th, 1886, as observed on the River Severn between 
Stouroort and Gloucester, and compared with the Winter Floods of 1770 
and 1852, by H. J. Marten (3 pp.)* — On the Climate of the British Empire 
during 1885 (3 pp.). — Polar Meteorological Observations ^6 pp.). — Whirlwind 
and Waterspout m South Wales (3 pp.). — A Shower of Snuls (2 pp.). 

Transactions and Pboceedinos and Repobt of the Rotal Society of 
South AusTRALU. Vol. Vm. 8vo. 1886. 

Contains the following papers on meteorological subjects: — ^Notes on Irri- 
descent Clouds, by W. A. Jones (8 pp.). — ^A Few Remarks about Weather Fore- 
casting for South Australia, by W. E. Cooke, B.A. (4 pp.). The author thinks 
that it would be premature to issue forecasts at present until the behaviour of 
storms between Leeuwin and Eucla is more thoroughly understood, and this can 
only be done by careful inspection every day of isobar maps of the entire con- 
tinent, such as are displayed in the hall of the Post Office, Adelaide, and by 
carefully noting the weather accompanying certain recognised forms of disturl>- 
ance. 

Transactions of the Cboydon Microsgopigal and Natural History Club, 
1886. 8vo. 

This contains a Report of the Meteorological Committee on the temperature 
and the rainfall of the Croydon District for the five years 1881-85, prepared by 
H. S. Eaton, M.A., Secretary (34 pp.). 
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